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PIEZOELECTRIC TRANSFORMER DRIVING 
DEVICE CONTROLLED BY VARIABLE 

REFERENCE VOLTAGE VALUES AND IMAGE 
FORMING DEVICE 

CROSS REFERENCE 

The present application is related to, claims priority from, 
and incorporates by reference Japanese patent application 
number 2009-128630, filed on May 28, 2009. 

TECHNICAL FIELD 

The present claimed invention relates to a piezoelectric 
transformer driving device that drives a piezoelectric trans 
former and outputs a Voltage. The present claimed invention 
also relates to an image forming device that use the piezo 
electric transformer driving device. 

BACKGROUND 

A conventional piezoelectric transformer driving device 
that is used for an electrographic image forming device is 
disclosed in Japanese laid-open patent application publica 
tion number H11-206113. In this device, a piezoelectric 
transformer that generates a high Voltage with a low Voltage 
input by using a resonance phenomenon of a piezoelectric 
vibrator is controlled by an output signal of a Voltage-con 
trolled oscillator (VCO) to output the high voltage. 

However, because the device with the structures discussed 
above is configured with an analog circuit, Such as a VCO, 
there is a problem of having a large number of parts. There is 
also the additional problem that it is hard to have both a high 
Voltage output near resonance frequency and a short rise time 
for the output Voltage. 

SUMMARY 

A piezoelectric transformer driving device includes a 
piezoelectric transformer with a certain resonance frequency 
configured such that when an input Voltage is intermittently 
applied to a primary side, an alternating high Voltage is output 
from a secondary side, a Switching part configured to generate 
the input Voltage by Switching based on a control signal 
having a control frequency, and configured to Supply the 
Voltage to the piezoelectric transformer, a Switching control 
part configured to control the control frequency of the control 
signal based on a comparison result, and configured to Supply 
the control signal to the Switching part, a reference Voltage 
waveform generation part configured to Switch between a first 
Voltage value as a target value, a second Voltage value that is 
lower than the first voltage value, and a third voltage value 
that is higher than the first Voltage value, within a given unit 
time so that a reference Voltage waveform is generated, a 
monitor Voltage generation part configured to generate a 
monitor Voltage waveform based on the high Voltage output 
from the piezoelectric transformer, and a comparison part 
configured to compare the reference Voltage waveform with 
the monitor Voltage waveform to generate a comparison 
result, and configured to supply the comparison result to the 
Switching control part. 
An image forming device according to the present claimed 

invention has the piezoelectric transformer driving device 
discussed above. 

Therefore, a piezoelectric transformer driving device and 
an image forming device that uses the piezoelectric trans 
former driving device according to the present claimed inven 
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2 
tion can achieve effects in which they are configured with a 
small number of parts. Furthermore, it is possible to have both 
a stable, constant Voltage control with a high Voltage output 
near the resonance frequency using a piezoelectric trans 
former, and control the Voltage to have a short rise time. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a high Voltage power source 
device with a piezoelectric transformer driving device 
according to a first disclosed embodiment. 

FIG. 2 is a schematic view of an image forming device that 
uses a piezoelectric transformer driving device according to a 
first disclosed embodiment. 

FIG. 3 is a block diagram of a control circuit of an image 
forming device shown in FIG. 2. 

FIG. 4 is a detailed circuit diagram of a high Voltage power 
source device shown in FIG. 1. 

FIG. 5 is a graph of output Voltage and frequency property 
of a piezoelectric transformer shown in FIG. 4. 

FIG. 6 is a block diagram of a control unit shown in FIG. 4. 
FIG. 7 is a block diagram of a triangle wave data generation 

unit shown in FIG. 6. 
FIG. 8A is a table showing numerical examples of triangle 

wave data that is output from a control unit shown in FIG. 1 
and a target voltage that is output from a DAC shown in FIG. 
1. 
FIG.8B is a table showing numerical examples of triangle 

wave data that is output from a control unit shown in FIG. 1 
and a target voltage that is output from a DAC shown in FIG. 
1. In the FIGS. 8A and 8B, SC represents a start cycle, EC 
represents end cycle. CUOHV represents a control unit out 
put HEX value, and DOV represents a DAC output voltage 
(V). 

FIG. 9 is a waveform diagram showing a target Voltage that 
is output from a DAC shown in FIG. 1 and a pulse that is 
generated in a triangle wave data generation unit. 

FIG. 10 is a waveform diagram of the operation of a high 
voltage power source device shown in FIG. 4. 

FIGS. 11A and 11B are waveform diagrams of the opera 
tion of a high voltage power source device shown in FIG. 4. 

FIG. 12 is a timing diagram of the operation of a triangle 
wave data generation unit shown in FIG. 7. 

FIG. 13A is a table showing numerical examples of a count 
value for an 8-bit counter in a triangle wave data generation 
unit shown in FIG. 7. 

FIG. 13B is a table showing numerical examples of a count 
value for an 8-bit counter in a triangle wave data generation 
unit shown in FIG. 7. 

FIG. 14 is a flow diagram showing the operation for a case 
in which a comparator outputs a 3-bit value to a computing 
unit shown in FIG. 6. 

FIG.15 is a table showing input and output values of a table 
register shown in FIG. 6. 

FIG. 16 a schematic diagram showing a relationship 
between rise of a high Voltage output and a comparison result 
that is output from an output voltage comparison part. 

FIG. 17 is a table showing a relationship among values of 
an error holding register, values of lower 10 bits of a 19-bit 
register, and binary outputs of a select signal that is output 
from a comparison unit. 

FIG. 18 is a block diagram of a control unit according to a 
second disclosed embodiment. 

FIG. 19 is a schematic diagram showing a relationship 
between rise of a high Voltage output and a comparison result 
that is output from an output Voltage comparison part accord 
ing to a second disclosed embodiment. 
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FIG. 20 is a block diagram of a control unit according to a 
third disclosed embodiment. 

FIG. 21 is a block diagram of a high Voltage power source 
device with a piezoelectric transformer driving device 
according to a fourth disclosed embodiment. 

FIG. 22 is a detailed circuit diagram of a high Voltage 
power source device shown in FIG. 21. 

FIG. 23 is a block diagram of a control unit shown in FIG. 
22. 

FIG. 24 is a block diagram of a waveform data generation 
unit shown in FIG. 23. 

FIG.25 is a table showing input and output values of a table 
register shown in FIG. 23. 

FIG. 26 is a timing diagram of the operation of a waveform 
conversion part shown in FIG. 22 and a waveform data gen 
eration unit shown in FIG. 24. 

FIG. 27 is a block diagram of a high voltage power source 
device with a piezoelectric transformer driving device 
according to a fifth disclosed embodiment. 

FIG. 28 is a block diagram of a control unit shown in FIG. 
27. 

FIG. 29 is a waveform diagram showing target voltages for 
four channels that are output from a DAC shown in FIG. 27. 

FIG.30 is a waveform diagram showing target voltages for 
four channels according a sixth disclosed embodiment. 

DETAILED DESCRIPTION 

Exemplary embodiments according to the present claimed 
invention will be clear with explanations for disclosed 
embodiments below and with reference to drawings. How 
ever, the drawings are just for explanation purposes and are 
not for limiting the scope of the present claimed invention. 

First Disclosed Embodiment 

(Configuration of Image Forming Device) FIG. 2 is a sche 
matic view of an image forming device that uses a piezoelec 
tric transformer driving device according to a first disclosed 
embodiment. 
The image forming device 1 is, for example, a color tan 

dem-type image forming device in which a black developer 
2K, a yellow developer 2Y, a magenta developer 2M, and a 
cyan developer 2C are detachably mounted. Each of the 
developers 2K, 2Y, 2M, and 2C is uniformly charged by 
charge rollers 36K, 36Y. 36M, and 36C for each color that 
contacts photoreceptor drums 32K, 32Y, 32M, and 32C for 
each color, respectively. Latent images are formed on each of 
the photoreceptor drums 32K, 32Y, 32M, and 32C through 
light emitted from a black light emitting diode device (LED) 
head 3K, a yellow LED head 3Y, a magenta LED head 3M, 
and a cyan LED head 3C, respectively. 

Supplying rollers 33K, 33Y. 33M, and 33C for each color 
in each of the developers 2K, 2Y, 2M, and 2C supply toner to 
each of developing rollers 34K, 34Y, 34M, and 34C, respec 
tively. Then, a toner layer is uniformly formed on each surface 
of the developing rollers 34K, 34Y, 34M, and 34C by devel 
oping blades 35K, 35Y.35M, and 35C for each color, respec 
tively. As a result, a toner image is developed on each of the 
photoreceptor drums 32K,32Y,32M, and 32C. Each of clean 
ing blades 37K, 37Y,37M, and 37C in the developer 2K, 2Y. 
2M, and 2C for each color scrapes remaining toner for clean 
ing after transferring. 
A black toner cartridge 4K, a yellow toner cartridge 4Y, a 

magentatoner cartridge 4M, and a cyantoner cartridge 4C are 
detachably attached to the developers 2K, 2Y, 2M, and 2C, 
respectively, and Supply toner from inside the cartridges to the 
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4 
developers 2K, 2Y, 2M, and 2C, respectively. A black trans 
ferring roller 5K, a yellow transferring roller 5Y, a magenta 
transferring roller 5M, and a cyan transferring roller 5C are 
located to apply a bias to each of transferring pressing area 
from the back side of a transferring belt 8. A transferring belt 
drive roller 6 and a transferring belt driven roller 7 are con 
figured to carry a sheet 15 by driving the rollers 6 and 7 
through tensioning of a transferring belt 8. 
A transferring belt cleaning blade 11 can scrape toner from 

the transferring belt 8. The scraped toner is stored in a trans 
ferring belt cleaner container 12. A sheet cassette 13 is 
detachably attached to the image forming device 1. Sheets 15, 
operating as a transferring medium, are stacked in the sheet 
cassette 13. A sheet 15 is carried from the sheet cassette 13 via 
a hopping roller 14. The sheet 15 is carried to the transferring 
belt 8 using certaintiming by registration rollers 16 and 17. A 
fuser 18 fuses a toner image on the sheet 15 by heat and 
pressure. A sheet guide 19 ejects the sheet 15 facedown to a 
catch tray 20. 
A sheet detection sensor 40 is provided near the registra 

tion rollers 16 and 17. The sheet detection sensor 40 detects 
the passage of a sheet 15 by a contact or non-contact method. 
Timing for applying a transferring bias by a high Voltage 
power source device at the time of transferring through the 
transferring rollers 5K, 5Y. 5M, and 5C is decided using a 
distance between the position of this sensor and the transfer 
ring pressing area, and a time that is obtained by a carrying 
speed of a sheet. 

FIG. 3 is a block diagram of a control circuit of an image 
forming device 1 shown in FIG. 2. The control circuit has a 
host interface unit 50. The host interface unit 50 sends and 
receives data to/from a command/image processing unit 51. 
The command/image processing unit 51 outputs image data 
to an LED head interface unit 52. Ahead driving pulse and so 
on for the LED head interface unit 52 are controlled by a 
printer engine control unit 53 (PECU) so that the LED head 
interface unit 52 makes the LED heads 3K, 3Y, 3M, and 3C 
emit light. 
The printer engine control unit 53 receives a detection 

signal and so on from the sheet detection sensor 40 and sends 
control values, such as a charging bias, a developing bias, and 
a transferring bias, to a high Voltage control unit 60. The high 
Voltage control unit 60 sends a signal to a charging bias 
generation unit 101, a developing bias generation unit 102. 
and a transferring bias generation unit 103. The charging bias 
generation unit 101 and the developing bias generation unit 
102 apply a bias to each of the charge rollers 36K, 36Y. 36M, 
and 36C and to each of the developing rollers 34K, 34Y, 34M, 
and 34C, respectively, of the black developer 2K, the yellow 
developer 2Y, the magenta developer 2M, and the cyan devel 
oper 2C. A piezoelectric transformer driving device accord 
ing to a first disclosed embodiment is located in the high 
Voltage control unit 60 and the transferring bias generation 
unit 103. 
The printer engine control unit 53 drives the following 

motors according to certain timing: a hopping motor 54, a 
registration motor 55, a belt motor 56, a fuserheater motor 57. 
and each of drum motors 58K, 58Y, 58M, and 58C for each 
color. A fuser heater 59 is temperature-controlled by the 
printer engine control unit 53 according to a detection value 
of a thermistor 65. 

(Configuration of High Voltage Power Source Device) 
FIG. 1 is a block diagram of a high Voltage power source 
device with a piezoelectric transformer driving device 
according to a first disclosed embodiment. 
A high voltage power source device 69 is located in the 

high Voltage control unit 60 and the transferring bias genera 
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tion unit 103 shown in FIG. 3. A high voltage power source 
device 69 is provided for each of the transferring rollers 5 
(5K, 5Y.5M, and 5C) for each color. Each of the high voltage 
power source devices 69 for a corresponding color has the 
same circuit configuration so that only one of the circuit 
configurations is explained below by way of example. 

In the high Voltage power source device 69, a control signal 
(for example, an on and off signal (referred to as an ON/OFF 
signal)) is output from the printer engine control unit 53, a 
reset signal RESET, and a high Voltage output instruction 
value DATA are input; and a high Voltage in direct current 
(DC) is generated. The DC high voltage is supplied to an 
output load ZL (e.g., the transferring roller 5). The printer 
engine control unit 53 has a output port OUT3 outputting the 
ON/OFF signal, an output port OUT4 outputting the reset 
signal RESET, and a port P1 that serves as a serial commu 
nication line outputting the high Voltage output instruction 
value DATA and so on. The port P1 for a serial communica 
tion line has a plurality of ports, for example, a port P1-1 
outputting a chip select signal CS, a port P1-2 outputting a 
clock signal CK, and a port P1-3 outputting the high Voltage 
output instruction value DATA. 
The high voltage power source device 69 has a piezoelec 

tric transformer driving device 70, a piezoelectric transformer 
(PT) 75, a rectifier circuit 76, a monitor voltage generation 
part 77 (for example, an output Voltage conversion part), a 
comparison part 78 (for example, an output Voltage compari 
son part), and a reference Voltage waveform generation part 
79 (for example, a digital/analog converter (DAC)). 
The piezoelectric transformer driving device 70 drives the 

piezoelectric transformer 75 based on a control signal sup 
plied by the printer engine control unit 53. The piezoelectric 
transformer driving device 70 has an oscillator 71 outputting 
a reference clock signal (a clock signal) CLK of a certain 
frequency (for example, 25 MHz), a switching control part 72 
(for example, a control unit (CU)), a DC power source 73 that 
outputs DC 24V, and a switching part 74 (for example, a 
piezoelectric transformer driving circuit). 
The control unit 72 is a circuit that outputs a piezoelectric 

transformer driving pulse S72a (a driving pulse) as a control 
signal by dividing the clock signal CLK supplied from the 
oscillator 71 based on control signals (the ON/OFF signal, the 
reset signal RESET, the high voltage output instruction value 
DATA, and so on) Supplied from the printer engine control 
unit 53. In other words, the control unit 72 may, for example, 
be a circuit that is located in the high voltage control unit 60, 
that is operated in Synchronization with the clock signal CLK 
supplied from the oscillator 71, and that outputs the driving 
pulse S72a by controlling the printer engine control unit 53. 
The control unit 72 has an input port CLK IN for inputting 

the clock signal CLK, an input port IN1 for inputting a com 
parison result S78, an input port IN2 for inputting the 
ON/OFF signal, an input port IN3 for inputting the reset 
signal RESET, a port P2 operating as a serial communication 
line with, for example, 7 bits for inputting the high voltage 
output instruction value DATA and so on, an output port 
OUT1 for outputting the driving pulse S72a, and an output 
port OUT2 for outputting a triangle wave data S72b with, for 
example, 8 bits. The port P2 operating as a serial communi 
cation line has, for example, a port P2-1 for inputting the chip 
select signal CS, a port P2-2 for inputting the clock signal 
CLK, and a port P2-3 for inputting the high voltage output 
instruction value DATA. In the control unit 72, ON/OF states 
for the driving pulse S72a output from the output port OUT1 
are controlled by the input ON/OFF signal. And, an output 
setting for the output port OUT1 is initialized by the input 
reset signal RESET. 
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6 
The control unit 72 is configured with, for example, an 

application specific integrated circuit (ASIC) in which cir 
cuits of several functions for a specific application are inte 
grated into one, a microprocessor containing a central pro 
cessing unit (CPU), a field programmable gate array (FPGA) 
as a kind of a gate array in which a user can write an own logic 
circuit, or the like. 

Both the output port OUT1 of the control unit 72 and the 
DC power source 73 are connected to the piezoelectric trans 
former driving circuit 74. The piezoelectric transformer driv 
ing circuit 74 is a circuit configured to output a driving Voltage 
by using a Switching element. The piezoelectric transformer 
75 is connected to an output side of the piezoelectric trans 
former driving circuit 74. The piezoelectric transformer 75 is 
a transformer configured to output a high Voltage with an 
alternate current (AC) by Stepping-up a driving Voltage with 
use of resonance phenomena of a piezoelectric vibrator, Such 
as ceramic. The rectifier circuit 76 is connected to an output 
side of the piezoelectric transformer 75. The rectifier circuit 
76 is a circuit to convert the AC high voltage output from the 
piezoelectric transformer 75 into the DC high voltage and to 
Supply it to an output load (ZL). An output Voltage conversion 
part 77 is connected to an outputside of the rectifiercircuit 76. 
The output voltage conversion part 77 is a circuit config 

ured to convert a DC high voltage to a DC low voltage S77 
(i.e., a monitor voltage waveform). The control unit 72 and 
the DAC 79 are connected to an output side of the output 
Voltage conversion part 77 through the output Voltage com 
parison part 78. The output voltage comparison part 78 com 
pares the DC low voltage S77 output from the output voltage 
conversion part 77 and a target voltage S79 and outputs this 
comparison result S78 to the input port IN1 of the control unit 
72. DAC 79 is a circuit to convert the triangle wave data S72b 
with 8 bits output from the output port OUT2 of the control 
unit 72 into an analog signal and to output a target Voltage S79 
in a triangle waveform to the output Voltage comparison part 
T8. 
The high voltage power source devices 69 are juxtaposed 

for each color of each of the transferring rollers 5 (5K, 5Y. 
5M, and 5C), namely for each channel. However, the high 
voltage power source devices 69 are not limited to this struc 
ture and can be a structure in which a part of it is shared with 
a plurality of the channels. For example, although the piezo 
electric transformer 75, the rectifier circuit 76, and so on are 
required for each of the channels, the oscillator 71 and the 
control unit 72 can be shared. In this case, the control unit 72 
has input and output ports for each of the channels. The 
control unit 72 is located in the high voltage power source 
device 69; however, it may be located inside of a large-scale 
integrated circuit (LSI) in the printer engine control unit 53. 

FIG. 4 is a detailed circuit diagram of the high voltage 
power source device 69 shown in FIG. 1. FIG. 5 is a graph of 
output Voltage and frequency property of the piezoelectric 
transformer 75 shown in FIG. 4. 
One example of the oscillator 71 in the piezoelectric trans 

former driving device 70 is a circuit to perform with a voltage 
DC 3.3 V supplied from a power source 71a so that the 
oscillator 71 generates the clock signal CLK with an oscillat 
ing frequency of 25 MHz. The oscillator 71 has a power 
Supply terminal VDD in which a power Supply Voltage (i.e., 
DC 3.3 V in this embodiment) is applied, an output enable 
terminal OE, a clock signal output terminal CLK OUT out 
putting a clock signal CLK, and a ground terminal GND. The 
clock signal output terminal CLK OUT is connected to the 
input port CLK IN of the control unit 72 through a resistance 
71b. 
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In the control unit 72, which operates in synchronization 
with a clock signal CLK, the piezoelectric transformer driv 
ing circuit 74 is connected to the output port OUT1, which 
outputs the driving pulse S72a through a resistance 72a. ADC 
power source 73 is connected to the piezoelectric transformer 5 
driving circuit 74. The DC power source is a power source to 
Supply a power Voltage (e.g., DC 24 V in the disclosed 
embodiment) using a transformed-rectifying Voltage (e.g., 
AC 100V in the disclosed embodiment) as a commercial 
power Source Supplied from a low Voltage power Source 
device. 
The piezoelectric transformer driving circuit 74 is config 

ured with a load resistance 74a, an NPN transistor 74b and 
PNP transistor 74c that form a gate drive circuit to drive a 
driving pulse S72a input from the control unit 72 through a 
resistance 72a, an input resistance 74d. an inductor (e.g., a 
coil)74e and capacitor 74g that form a resonance circuit, and 
a switching element 74f (e.g., an N channel power MOSFET 
(referred to as NMOS)). In the piezoelectric transformer driv- 20 
ing circuit 74, when a pulse is input to a gate of the NMOS 74f 
through the gate drive circuit configured with the transistors 
74b and 74c, and the input resistance 74d, the NMOS 74 
enables the power voltage (DC 24V) of the DC power source 
73 to perform switching. Then, the power voltage (DC 24V) 25 
is resonated by the resonance circuit configured with the 
inductor 74e and the capacitor 74g so that the piezoelectric 
transformer driving circuit 74 outputs a driving Voltage of a 
sinusoidal pulse with approximately the transformed-rectify 
ing Voltage value (i.e., AC 100V) as a peak Voltage. 30 
A primary side input terminal 75a of the piezoelectric 

transformer 75 is connected to an outputside of the resonance 
circuit. An AC high Voltage in the range from 0 through 
several KV is output from a secondary side output terminal 
75b of the piezoelectric transformer 75 according to a switch- 35 
ing frequency of the NMOS 74f. An output voltage property 
of the secondary side output terminal 75b is varied according 
to frequency as shown in FIG. 5. A voltage rising ratio is 
determined according to the Switching frequency of the 
NMOS 74f. In the piezoelectric transformer 75, a maximum 40 
Voltage rising ratio is obtained at a resonance frequency f; 
and a voltage rising ratio is minimum near a frequency f. In 
the first embodiment, a frequency is controlled in the range 
from a start frequency f. that is lower than the frequency f. 
through a frequency f. that is higher than the resonance 45 
frequency f. 
The rectifier circuit 76 is connected to the secondary side 

output terminal 75b of the piezoelectric transformer 75. The 
rectifier circuit 76 is a circuit that converts an AC high voltage 
output from the secondary side output terminal 75b of the 50 
piezoelectric transformer 75 into a DC high voltage and out 
puts it. The rectifier circuit 76 is configured with diodes 76a 
and 76b and a capacitor 76c. A transferring roller 5 operating 
as an output load ZL is connected to an output side of the 
rectifier circuit 76 through a resistance 76d. The output volt- 55 
age conversion part 77 is also connected to the output side of 
the rectifier circuit 76. 

The output voltage conversion part 77 is configured with 
voltage dividing resistances 77a and 77b that divide the DC 
high voltage of the rectifier circuit 76 and convert it into a DC 60 
low voltage S77 (for example, the low voltage is equal to or 
lower than DC 3.3V), and a protective resistance 77c that 
outputs the DC low voltage S77. In the output voltage con 
version part 77, for example, a resistance value of the voltage 
dividing resistance 77a is 400 MS2; a resistance value of the 65 
voltage dividing resistance 77b is 100 KS2; and the DC high 
voltage output from the rectifier circuit 76 is divided into 
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1/4001. The output voltage comparison part 78 is connected 
to an output side of the protective resistance 77c. 
The output voltage comparison part 78 is configured with a 

comparator 78a as a Voltage comparator to which the power 
voltage (DC 24V) from the DC power source 73 is applied, a 
reference power source 78b that performs pull-up (e.g., at DC 
3.3V) for an output terminal of the comparator 78a, and a 
pull-up resistor 78c. The comparator 78a has a negative (-) 
input terminal in which the DC low voltage S77 output from 
the output Voltage conversion part 77 is input and a positive 
(+) input terminal in which a triangle waveform target Voltage 
S79 output from a DAC 79 is input through an RC filter 79f 
configured with a resistance 79a and a capacitor 79b. The 
output Voltage comparison part 78 compares Voltages of the 
negative (-) input terminal and the positive (+) input terminal 
and outputs its comparison result S78 from its output terminal 
toward the input port IN1 of the control unit 72. An output 
terminal of the comparator 78a is connected to the reference 
power source 78b through the pull-up resistance 78c. 
The DAC 79 that is connected to the positive (+) input 

terminal of the comparator 78a through the RC filter 79 
converts a triangle waveform data S72b with 8 bits output 
from the output port OUT2 of the control unit 72 into an 
analog signal and to output the target Voltage S79 (for 
example, 8 bits and 3.3V) in a triangle waveform. 
When the target voltage S79 in a triangle waveform output 

from the DAC 79 is input to the positive (+) input terminal of 
the comparator 78a, the comparator 78a compares the DC 
low voltage S77 as an output voltage of the output voltage 
conversion part 77 and the target voltage S79 as an output 
voltage of the DAC 79. When the comparison result is deter 
mined according to the following formula: (output Voltage of 
DAC 79)>(output voltage of output voltage conversion part 
77), an output terminal of the comparator 78a becomes DC 
3.3V (high level and referred to as “H”) by pulling-up through 
the reference power source 78b and the resistance 77c. Then, 
the comparison result, “H” is input to the input port IN1 of the 
control unit 72. On the other hand, when the comparison 
result is determined according to the following formula: (out 
put voltage of DAC 79)<(output voltage of output voltage 
conversion part 77), the output terminal of the comparator 
78a becomes a low level (referred to as “L”). Then, the 
comparison result, “L” is input to the input port IN1 of the 
control unit 72. 

(Control Unit in Piezoelectric Transformer Driving 
Device) FIG. 6 is a block diagram of a control unit 72 shown 
in FIG. 4. 
The control unit 72 is formed by, for example, an ASIC 

written by a hardware description language and so on. A clock 
signal CLK is Supplied to each circuit block that configures a 
synchronous circuit discussed below in the control unit 72. A 
reset signal RESET is supplied to each circuit block for ini 
tialization in the control unit 72. 
The control unit 72 is configured with a triangle wave data 

generation unit 81, an AND gate 82, a 13-bit up counter 83, a 
13-bit data latch (a D latch) 84, first and second comparators 
85-1 and 85-2, a counter upper limit value register 86, a 
counter lower limit value register 87, a table register 88, first 
and second computing units 89-1 and 89-2, a divider ratio 
setting part (e.g., a 19-bit register) 90, a subtractor (-1) 91, a 
divider selector 92, a dividerpart (e.g., a divider)93, an 11-bit 
error retention register 94, and an output selector 95. Note that 
a binarization part with an error diffusion method is config 
ured with the 19-bit register 90, the subtractor (-1) 91, the 
divider selector 92, the error retention register 94, the com 
parators 85-2, and the computing units 89-2. 
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The triangle wave data generation unit 81 is connected to a 
serial communication line port P2 and an output port OUT2. 
The AND gate 82 and the up counter 83 are connected to an 
output side of the triangle wave data generation unit 81. The 
triangle wave data generation unit 81 counts the clock signal 
CLKandoutputs 8-bit triangle wave data S72b to the DAC 79 
for a certain cycle based on a high Voltage output instruction 
value DATA and so on that is input to the port P2 through the 
serial communication from the port P1 of the printer engine 
control unit 53. The triangle wave data generation unit 81 also 
has a function to output a pulse S81 for set/reset at every cycle 
of its data array. The pulse S81, operating as a set signal 'set.” 
and an ON/OFF signal from the input port IN2 are input to the 
AND gate 82 so that the AND gate 82 logically multiplies the 
pulse S81 and the ON/OFF signal together. The D latch 84 is 
connected to an output side of the AND gate 82. 
The up counter 83 is a 13-bit counter that operates to count 

the number of high 'H' values of the comparison result S78 
input to the input port IN1 from the output voltage compari 
son part 78 at a rising pulse of the clock signal CLK input to 
a clock signal input port CLK IN from the oscillator 71. The 
up counter 83 does not increment when the input comparison 
result S78 has a low “L” value. The up counter 83 increments 
only when the input comparison result S78 is “H.” The up 
counter 83 is reset to 0 by using the rising edge of a pulse S81 
output from the triangle wave data generation unit 81 as a 
reset signal “reset.” Similarly, the up counter 83 is cleared to 
0 by using a low “L” value of a reset signal RESET input to an 
input port IN3 from the printer engine control unit 53. The up 
counter 83 stops counting while the reset signal RESET is has 
a low value “L” A 13-bit output signal of the up counter 83 is 
given to the D latch 84 in the next block. 
The D latch 84 retains the 13-bit output signal of the up 

counter 83 by an output signal from the AND gate 82. A 
comparator 85-1 is connected to an outputside of the D latch 
84. In the D latch 84, the retained 13-bit value is cleared by a 
low “L” value of the reset signal RESET. The comparator 
85-1 operates to compare the 13-bit value of the D latch 84 
with a value (e.g., 4 values) stored in advance and to output 
the comparison result to a computing unit 89-1 in 3 bits, a 
value 0 through 4, and has a function to output the upper 5 bits 
of the D latch 84 to the table register 88. The table register 88 
is a register that outputs a 4-bit value to the computing unit 
89-1 according to a 5-bit value (e.g., 0-20 dec (decimal num 
ber)) output from the comparator 85-1. 

The computing unit 89-1 updates the value of the 19-bit 
register 90 based on a 3-bit value of 0 through 4 output from 
the comparator 85-1, a 4-bit value output from the table 
register 88, and a current value of the 19-bit register 90 and. 
The 19-bit register 90 is a register that operates to retain a 
divider ratio. The upper 9 bits in the 19-bit register 90 corre 
spond to an integer part of the divider ratio. The lower 10 bits 
in the 19-bit register 90 correspond to a fractional part of the 
divider ratio. The lower 10 bits correspond to (10 bits)/1024; 
and its real-value is (upper 9 bits)+(lower 10 bits)/1024. 

In the 19-bit register 90, the lower 10 bits are cleared at the 
time of inputting a low value “L” of the reset signal RESET so 
that a 9-bit value of the counter lower limit value register 87 
is set to be equal to the upper 9 bits of the 19-bit register 90. 
The upper 9 bits of the 19-bit register 90 are output to the 
subtractor (-1) 91 and the divider selector 92. The lower 10 
bits of the 19-bit register 90 are output to the comparator 85-2 
and the computing unit 89-2. The value of the 19-bit register 
90 is updated by the rising edge of the pulse S81 input from 
the triangle wave data generation unit 81. This update means 
that the value of the 19-bit register 90 is rewritten with a 19-bit 
value output from the computing unit 89-1. When the upper 9 
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10 
bits are smaller than the value of the counter lower limit value 
register 87, the upper 9 bits are set as an output value of the 
counter lower limit value register 87. When the upper 9 bits 
are larger than the value of the counter upper limit value 
register 86, the upper 9 bits are set as an output value of the 
counter upper limit value register 86. The counter upper limit 
value register 86 is a 9-bit register in which an upper limit 
value of the divider ratio is set. The counter lower limit value 
register 87 is a 9-bit register in which a lower limit value of the 
divider ratio is set. 
The subtractor (-1) 91 outputs a 9-bit value in which 1 is 

subtracted from the upper 9 bits (i.e., a divider ratio integer 
part 9-bit value) output from the 19-bit register 90 to the 
divider selector 92. The comparator 85-2 compares the con 
tents of the error retention register 94 with the lower 10 bits of 
the 19-bit register 90 at the rising edge of the driving pulse 
S72a output from the output selector 95. And, when (the 
lower 10 bits of the 19-bit register 90)=0 or (the 11 bits of the 
error retention register 94)<0, the comparator 85-2 has a 
function to output a low value “L” to the divider selector 92. 
When (the lower 10 bits of the 19-bit register 90)z0 or (the 11 
bits of the error retention register 94)20, the comparator 85-2 
has a function to output a high value “H” to the divider 
Selector 92. 
When a select signal “select output from the comparator 

85-2 is “L” the divider selector 92 selects the 9 bits output 
from the subtractor (-1)91 and outputs them to the divider 93. 
When the select signal “select” is “H” the divider selector 92 
selects the upper 9 bits output from the 19-bit register 90 and 
outputs them to the divider 93. 
The computing unit 89-2 operates to update the error reten 

tion register 94 with the computing result by computing based 
on input of the lower 10 bits of the 19-bit register 90, the 11 
bits of the error retention register 94, and 1 bit output from the 
comparator 85-2. The update is performed at the trailing edge 
of the driving pulse S72a output from the output selector 95. 
Computation of the computing unit 89-2 is performed as 
follows: when an output of the comparator 85-2 is “H” a 
computing result is determined to be (the lower 10 bits of the 
19-bit register)+(the 11-bit value of error retention register)- 
1024; and when an output of the comparator 85-2 is “L” the 
computing result is determined to be (the lower 10 bits of 
19-bit register)+(the 11-bit value of the error retention regis 
ter). The error retention register 94 is updated by this com 
puting result of the computing unit 89-2. The error retention 
register 94 is an 11-bit register, and a topmost bit is a signed 
value that shows a sign. 
The divider 93 outputs a periodic pulse, which is made by 

dividing the clock signal CLK by the divider ratio of a 9-bit 
value output from the divider selector 92, to the output selec 
tor 95 with a certain on-duty. The certain on-duty in the 
disclosed embodiments is about 30%-50%, where consumed 
power is low (e.g., 30%). 
An ON/OFF signal that is used as a select signal “select is 

input to the output selector 95. When the select signal “select” 
is at a low value, “L” the output selector 95 always outputs a 
low value “L” as a ground GND electric potential. When the 
select signal “select is at a high value “H” the output selector 
95 outputs a pulse output from the divider 93 as the driving 
pulse S72a. 

FIG. 7 is a block diagram of a triangle wave data generation 
unit 81 shown in FIG. 6. The triangle wave data generation 
unit 81 is configured with a 32-divider circuit 81a, a 5120 
divider circuit 81b, a serial communication receiving circuit 
81c, an 8-bit DAC constant voltage value register 81d, a 
13-bit computing register 81e, an 8-bit counter 81f and a 
comparator 81g. 
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The 32-divider circuit 81a is a circuit that divides the 25 
MHz clock signal CLK by 32 and outputs the result to the 
13-bit computing register 81e and the 8-bit counter 81f. The 
5120-divider circuit 81b is a circuit that divides the 25 MHZ 
clock signal CLK by 5120 to output a pulse S81, and supplies 
the pulse S81 to the 8-bit DAC constant voltage value register 
81d and the 13-bit computing register 81e. The serial com 
munication receiving circuit 81c is a register that receives 
7-bit high voltage output instruction value DATA that is input 
from the printer engine control unit 53 through a three-wire 
system serial communication line and, and retains it as 8-bit 
data by adding 0 as the topmost bit. An initial value of the 
serial communication receiving circuit 81c at the time of reset 
is 0. The 8-bit DAC constant voltage value register 81d is a 
register in which an initial value at the time of reset is 0. The 
rising edge of the pulse S81 output from the 5120-divider 
circuit 81b is input as a set signal “set to the 8-bit DAC 
constant voltage value register 81d so that the 8-bit DAC 
constant Voltage value register 81d latches an 8-bit signal 
output from the serial communication receiving circuit 81c. 
The rising edge of the pulse S81 output from the 5120 

divider circuit 81b as a set signal “set is input to the 13-bit 
computing register 81e so that the 13-bit computing register 
81e sets the 8-bit value of the DAC constant voltage value 
register 81d as the upper 8 bits, i.e., bit 12-bit 5, of the 13 bits 
and sets the value "00000b (binary number) as the lower 5 
bits, i.e., the bit 4-bit 0 of the 13 bits. The 13-bit computing 
register 81e computes at the rising edge of the pulse output 
from the 32-divider circuit 81a according to a 2-bit output 
signal from the comparator 81g. When the output signal from 
the comparator 81g is “00b, the 13-bit computing register 
81e does not compute as an exception. 
As discussed below, when the rising edges of the pulse S81 

output from the 5120-divider circuit 81b and the pulse output 
from the 32-divider circuit 81a are generated at the same time, 
an output signal of the comparator 81g is “00b.” An output 
signal "01b of the comparator 81g means addition. Simi 
larly, an output signal “10b' means Subtraction. An output 
signal “11b is not output. 
The 13-bit computing register 81e adds/subtracts the 8-bit 

value of the DAC constant voltage value register 81d to/from 
the retained 13 bits according to an output signal from the 
comparator 81. Triangle wave data S72b output from the 
13-bit computing register 81e is 8 bits and is supplied to the 
DAC 79. The 13-bit computing register 81e outputs a value in 
which a bit 4 value is added to the upper 8 bits value, i.e., bit 
12-bit 5, of the computing register. For example, if the 13-bit 
value is “0110 000000000b, then “60H” is output. When the 
13-bit value is “0110 0000 10000b,” “61 H” is output. 
The 8-bit counter 81 fis a counter register that operates to 

count a pulse output from the 32-divider circuit 81a. When 
the pulse S81, serving as a reset signal “reset output from the 
5120-divider circuit 81b is input to the 8-bit counter 81f the 
8-bit counter is reset. A count value of the 8-bit counter 81 fis 
8 bits and is output to the comparator 81g. The comparator 
81g operates to output “00b,” “01b,” and “10b,” to the 13-bit 
computing register 81e based on the count value output from 
the 8-bit counter 81f. 

(Operation of Entire Image Forming Device) In FIGS. 2 
and 3, when print data that is written by page description 
language (PDL) or the like is input from external equipment 
(not shown) through a host interface unit 50 to an image 
forming device 1, the print data is converted into bitmap data 
(i.e., image data) by a command/image processing unit 51 and 
is sent to an LED head interface unit 52 and a printer engine 
control unit 53. A heater 59 in a fuser 18 is controlled by the 
printer engine control unit 53 according to a detection value 
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12 
by a thermistor 65 so that a heat fusing roller in the fuser 18 
reaches a certain temperature. As a result, a print the operation 
is started. 
A sheet 15 set in a sheet feeding cassette 13 is fed by a 

hopping roller 14. The sheet 15 is carried on a transferring belt 
8 by registration rollers 15 and 16 at timing synchronized with 
an image-forming operation discussed below. A toner image 
is formed on each of photoreceptor drums 32K, 32Y, 32M, 
and 32C through an electrographic process at each of devel 
opers 2K, 2Y, 2M, and 2C for each color. At this time, each of 
LED heads 3K, 3Y, 3M, and 3C lights up according to the 
bitmap data. After the toner image is developed by each of the 
developers 2K, 2Y.2M, and 2C for each color, the toner image 
is transferred onto the sheet 15 that is carried on the transfer 
ring belt 8. The toner image is transferred by a high Voltage 
DC bias that is applied to each of transferring rollers 5K, 5Y. 
5M, and 5C from a power source device 70. After the toner 
image in four kinds of color is transferred onto the sheet 15, 
the toner image is fused by the fuser 18. Then, the sheet 15 is 
ejected. 

(Operation of High Voltage Power Source Device) FIGS. 
8A and 8B are tables showing numerical examples of triangle 
wave data S72b (i.e., DAC output HEX value) that is output 
from a control unit 72 shown in FIG. 1, and a target voltage 
S79 that is output from a DAC 79 shown in FIG. 1. Further, 
FIG. 9 is a waveform diagram showing the target voltage S79 
that is output from the DAC 79 shown in FIG. 1, and a pulse 
S81 that is generated in the triangle wave data generation unit 
81. 

First, a brief operation of a high Voltage power source 
device 69 of FIG. 1 is explained with reference to FIGS. 8A, 
8B, and 9. 

In a color-image-forming-device, transcription has four 
kinds of outputs. However, those four circuits have the same 
structure so that the operation of a high Voltage power source 
device with one output is explained by way of example in the 
present embodiment. This explanation could easily be 
extended to cover an embodiment that used multiple outputs. 
The printer engine control unit 53 outputs high voltage 

output instruction value DATA and so on through a serial 
communication line connected to a port P1 and sets a DC 
output voltage of the high voltage power source device 69. 
For example, when the DC output voltage is 5 KV, a high 
voltage output instruction value of 97” is obtained because a 
range is 1.25 V and 8 bits/3.3V. Then, after the “97” value is 
converted into hexadecimal number (hex), “61H' (i.e., 
1.255V), the printer engine control unit 53 sends a high volt 
age output instruction value DATA, “61H (1.255V), to a 
control unit 72. Because an input value is converted (e.g., 
doubled in value) at the triangle wave data generation unit 81 
in a control unit 70 discussed later, the high voltage output 
instruction value DATA and so on is sent in 7-bit data through 
serial communication from the printer engine control unit 53 
to the control unit 72. The control unit 72 outputs triangle 
wave data S72b as an 8-bit digital signal according to the 7-bit 
data of the high Voltage output instruction value DATA and so 
on that is received through a port P2 to the DAC 79. The 
triangle wave data S72b is converted into a target voltage S79 
in an analog signal by the DAC 79. 
The triangle wave data S72b and the target voltage S79 

have, for example, 5120 cycles (i.e., a 204.8 usec cycle T) as 
shown in FIG.9. During the cycle T, 1024 cycles (40.96 usec) 
of a constant Voltage with a first Voltage value Va (i.e., 
1.255V) are output, and then 4096 cycles (163.84 usec) of 
triangle wave with a third voltage Vc (i.e., 2.51.1V) as a peak 
Voltage are output. 
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FIGS. 8A and 8B show numerical values of the triangle 
wave data S72b output as a digital signal from the control unit 
72. FIG. 9 shows a waveform in which the output triangle 
wave data S72b is converted into the target a voltage S79 in an 
analog signal by the DAC 79. 

In other words, FIGS. 8A and 8B corresponds to cycle 
0-cycle 5119 of the DAC output data in a total of 5120 cycles 
and 204.8 usec of the output digital data. The “61H' of the 
high voltage output instruction value DATA output from the 
printer engine control unit 53 is shown. In the target Voltage 
S79 in FIG. 9, the constant first voltage Va (i.e., 1.255V) is 
output during a first 40.96 usec cycle. And then, the triangle 
waveform in which the peak Voltage is a third Voltage Vc (i.e., 
2.511 V), and a bottom voltage, or second voltage Vb, of 
0.000V is output during a 163.84 usec cycle. The constant 
Voltage and the triangle waveform are alternatively output, 
giving the total of a 204.80 usec cycle T. Note that a pulse S81 
shown in FIG. 9 is output at every cycle T. The detail is 
explained later. 

In this time, an ON/OFF signal is in an off state (“L”) for 
the control unit 72; and an output to a piezoelectric trans 
former driving circuit 74 is disabled. The control unit 72 
outputs a driving pulse S72a that is divided from the clock 
signal output from the oscillator 71 according to a control 
signal from the printer engine control unit 53 to the piezo 
electric transformer driving circuit 74. The control unit 72 
changes a divider ratio based on a state of a comparison result 
S78 output from the output voltage comparison part 78. The 
detail is explained later. 
The piezoelectric transformer driving circuit 74 drives a 

primary side of a piezoelectric transformer 75 by switching 
the DC 24V supplied from the DC power source 73 through 
the driving pulse S72a from the control unit 72 and then 
outputs an AC high Voltage from a secondary side of the 
piezoelectric transformer 75. The AC high voltage is rectified 
by the rectifier circuit 74 so that the rectified AC high voltage 
is converted into a DC high Voltage and is Supplied to an 
output load ZL. The output voltage conversion part 77 con 
verts the output DC high voltage into a DC low voltage S77 in 
1/4001 so that the DC low voltage S77 is input to the output 
Voltage comparison part 78. The output Voltage comparison 
part 78 compares the DC low voltage S77 of the output 
voltage conversion part 77 with the target voltage S79 output 
from the DAC 79. If the DC low voltage S77 of the output 
voltage conversion part 77 is lower than the target voltage 
S79, the output voltage comparison part 78 outputs a high 
voltage “H” (e.g., 3.3V) as a comparison result to the control 
unit 72. If the DC low voltage S77 of the output voltage 
conversion part 77 is higher than the target voltage S79, the 
output voltage comparison part 78 outputs a low voltage “L” 
as a comparison result to the control unit 72. 

FIGS. 10, 11A, and 11B are waveform diagrams of the 
operation of the high voltage power source device 69 shown 
in FIG. 4. 

Next, the detailed operation of the high voltage power 
source device 69 in FIG. 4 is explained with reference to 
FIGS. 10, 11A, and 11B. 
An output port OUT4 of the printer engine control unit 53 

is set at a low value “L” so that a reset signal RESET is input 
to an input port IN3 of the control unit 72. Then, several 
settings of output of an output port OUT1 for the control unit 
72 is reset. This reset signal is a “low true' signal. A divider 
ratio and so on of output of the output port OUT1 becomes an 
initial value by the reset operation. The printer engine control 
unit 53 outputs the high voltage output instruction DATA as 
7-bit data with respect to the target voltage value to the control 
unit 72. For example, in the case of 5KV, “61H is output to 
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14 
the control unit 72 through serial communication. First, the 
printer engine control unit 53 sets a chip select signal CS 
output from a port P1-1 as a low value “L.” Then, the printer 
engine control unit 53 changes the high Voltage output 
instruction DATA in synchronization with the clock signal 
CLK output from a port P1-2 and outputs it from a port P1-3. 
Because the serial communication method is well known, its 
explanation is omitted. 

After the target voltage S79 for use of target voltage control 
shown in FIG.9 is output from the DAC 79, the printer engine 
control unit 53 changes the output port OUT4 into a high 
value “H” at certain timing so that the reset signal RESET is 
released. When the reset signal RESET that is input to the 
input port IN3 is released, the control unit 72 divides the clock 
signal CLK that is input from an input port CLK IN by an 
initial value divider ratio (e.g., on-duty 30%). The initial 
value divider ratio is explained later. Note that whilean output 
port OUT3 of the printer engine control unit 53 from which an 
ON/OFF signal is output is at a low value “L” the divided 
driving pulse S72 is not output from the output port OUT1 of 
the control unit 72. And the output port OUT1 is retained at a 
low value “L. 
The oscillator 71 is connected to the input port CLK IN of 

the control unit 72 through a resistance 71b. In the oscillator 
71, 3.3V of the DC power source 71a is supplied to a power 
source terminal VDD and an output enable terminal OE. Just 
after power is turned on, the clock signal CLK of 25 MHz and 
a 40 nsec cycle is output from a clock terminal CLK OUT in 
the oscillator 71. 

While the output port OUT1 of the control unit 72 is 
retained at a low value “L. an NPN transistor 74b in the 
piezoelectric transformer driving circuit 74 is turned off so 
that an NMOS 74f is also turned off. Therefore, the DC 24V 
supplied from a 24V power source 73 is directly applied to a 
primary side input terminal 75a of the piezoelectric trans 
former 75. In this state, becausea current value of the DC 24V 
is nearly 0 and the piezoelectric transformer 75 does not 
vibrate, a voltage of a secondary side output terminal 75b of 
the piezoelectric transformer 75 is also OV. As a result, an 
output DC low voltage S77 of a resistance 77c that is voltage 
divided by resistances 77a and 77b that configure the output 
voltage conversion part 77 is a ground GND level. 

In the above state, the target voltage S79 output from the 
DAC 79 shown in FIG. 9 is input to a positive (+) input 
terminal of a comparator 78a in the output Voltage compari 
son part 78; and a negative (-) input terminal of the compara 
tor 78a is connected to the ground GND through the resis 
tance 77c. Therefore, the output voltage of the comparator 
78a is nearly DC 3.3V that is pulled-up by the 3.3V power 
source 78b so that the high value “H” as the comparison result 
S78 output from the output voltage comparison part 78 is 
input to the input port IN1 of the control unit 72. 

Next, in the printer engine control unit 53 at certaintiming, 
the output port OUT3 is set at a high value “H”; the ON/OFF 
signal is input to the input port IN2 of the control unit 72; and 
a high Voltage output is an ON state. As a result, the driving 
pulse S72a that is divided by the initial value is output from 
the output port OUT1 of the control unit 72. The divider ratio 
and so on are explained later. The output driving pulse S72a 
enables the NMOS 74f to perform switching through the gate 
drive circuit that is configured with the NPN transistor 74b 
and the PNP transistor 74c so that a sinusoidal pulse with tens 
of volts is applied to the primary side input terminal 75a of the 
piezoelectric transformer 75 through the inductor 74e, the 
capacitor 74g, and the piezoelectric transformer 75. 
A step-up AV high Voltage is generated at the secondary 

side output terminal 75b of the piezoelectric transformer 75. 
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The AC high voltage is converted into a DC high voltage by a 
rectifier circuit 76 that is configured with diodes 76a, 76b and 
a capacitor 76c. The converted DC high voltage is supplied to 
the output load ZL through a resistance 76d. The converted 
DC high voltage is divided by a resistance 77a of 400 MS2 and 
a resistance 77b of 100 KS2 in the output voltage conversion 
part 77 into a DC low voltage S77. The DC low voltage S77 
is input to the negative (-) input terminal of the comparator 
78a in the output voltage comparison part 78 through a resis 
tance 77C. 

The comparator 78a in the output Voltage comparison part 
78 compares the target voltage S79 that is output from the 
DAC 79 and that is input to the positive (+) input terminal of 
the comparator 78a with the DC low voltage S77 output from 
the output voltage conversion part 77. Then, the comparison 
result S78 is output from the output voltage comparison part 
78 to the input port IN1 of the control unit 72. In other words, 
as shown in FIG. 10, when (the target voltage S79 output from 
the DAC 79)>(the DC low voltage S77 output from the output 
Voltage conversion part 77), the output Voltage comparison 
part 78 outputs a high value “H” of pull-up DC 3.3V. When 
(the target voltage S79 output from the DAC 79)<(the DC low 
voltage S77 output from the output voltage conversion part 
77), the output voltage comparison part 78 outputs a low 
value “L.” When the DC low voltage S77 output from the 
output voltage conversion part 77 is lower than the target 
voltage S79 in the cycle T (unit of time) in which the target 
voltage S79 (a pair of constant voltage and triangle wave) is 
output from the DAC 79, a pulse width modulation (PWM) 
output in which a duty is more than the following formula is 
obtained as the comparison result S78: {(constant voltage 
cycle)+(triangle wave cycle)/2}/{(triangle wave cycle)+ 
(constant voltage cycle)}. When the DC low voltage S77 
output from the output voltage conversion part 77 is higher 
than the target voltage S79, the PWM output in which a duty 
is less than the following formula is obtained as the compari 
son result S78: {(triangle wave cycle)/2}/((triangle wave 
cycle)+(constant Voltage cycle)}. 
When the DC low voltage S77 output from the output 

voltage conversion part 77 is equal to the target voltage S79, 
rectangular waves of a 50% duty in a triangle wave cycle and 
in an output pulse cycle of the output port OUT1 in a constant 
Voltage cycle are obtained. As a result, the comparison result 
S78 output from the output voltage comparison part 78 is in 
the following formula: (“H” level output time)=(“L” level 
output time). Because a cycle T of a mix wave (target Voltage 
S79) mixing with a constant voltage and triangle wave is not 
synchronized with a cycle of the driving pulse S72a, a high 
“H” level period and a low “L” level period as outputs of the 
output Voltage comparison part 78 during the constant Voltage 
period are affected by a phase difference at each of the mix 
waves. Its waveform diagrams are shown in FIGS. 11A and 
11B. 

For example, when the driving frequency is approximately 
110 kHz with a 9.1 usec cycle, and when an “H”/"L' ratio of 
the target voltage S79 output from the DAC 79 is equal during 
a period of the constant voltage (Va), the number of “H” level 
pulses of rectangular waves for the output Voltage compari 
son part 78 are four in FIG. 11A; and the number of “H” level 
pulses of rectangular waves for the output Voltage compari 
son part 78 are five in FIG. 11B. In this case, a minimum value 
of ratio of a period of “H” during only the constant voltage 
(Va) part is calculated by the following: (9.1x4/2)/ 
40.96-0.444. Similarly, its maximum value is calculated by 
the following: (9.1x5/2)/40.96=0.555. When the triangle 
waves are included, its minimum value is calculated by the 
following: (163.84/2+9.1x4/2)/(40.96+163.84)=0.488. 
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Similarly, its maximum value is calculated by the following: 
(163.84/2+9.1x5/2)/(40.96+163.84)=0.511. 
As shown in FIG. 5, since a resonance frequency fix of the 

piezoelectric transformer 75 according to the first disclosed 
embodiment is near to 110 kHz, a frequency control range is 
approximately 108 kHz-130 kHz. When this phase shifting is 
considered, a constant Voltage control value is set at a “H” or 
“L” level period ratio of 47.5-52.5%. The ratio of the constant 
voltage part is calculated by the following: 40.96/(40.96+ 
163.84)=0.2. Therefore, if the value is set as 40-60%, oscil 
lation may be occurred at the time of the constant Voltage 
control so that the value is shorter than the constant Voltage 
period ratio. In the first disclosed embodiment, it is within a 
range of 41-59%. A range of 47.5-52.5% is used in the first 
disclosed embodiment. However, when a range of 45-50% is 
used, a relationship between the output voltage and the DAC 
value is only slightly changed. When a narrow range of 
49-51% is used, there is no problem so long as driving fre 
quency control resolution is high. 

In the first disclosed embodiment, the constant Voltage 
period is 40.96 usec, and the triangle wave period is 163.48 
usec. However, they are not limited to those numbers. The 
constant Voltage period is arbitrarily set in a range equal to or 
more than a resonance frequency cycle fix of the piezoelectric 
transformer 75, i.e., in the piezoelectric transformer accord 
ing to the first disclosed embodiment, this would be 9 usec or 
more. The triangle wave period is arbitrarily set based on a 
frequency control sampling cycle. The “H” or “L” level 
period ratio is changed according to the constant Voltage 
period and the triangle wave period. 
As discussed later, the control unit 72 counts the “H” time 

of the comparison result S78that is input to the input port IN1 
by the output cycle of the pulse S81 that is generated by the 
triangle wave data generation unit 81 located in the control 
unit 72. Then, the control unit 72 controls a divider ratio of the 
driving pulse S72a that is output from the output port OUT1 
to be 47.5-52.5% for the “H” period. The detailed control is 
explained later. 

(Operation of Control Unit in High Voltage Power Source 
Device) FIG. 12 is a timing diagram of the operation of a 
triangle wave data generation unit 81 shown in FIG. 7. Fur 
ther, FIGS. 13A and 13B are tables showing numerical 
examples of count values for an 8-bit counter 81 fin a triangle 
wave data generation unit 81 shown in FIG. 7. 
A generation method is explained with reference to FIGS. 

12, 13A, and 13B for a triangle wave data S79 as digital data 
shown in FIGS. 8A and 8B that are output from the triangle 
wave generation unit 81 of FIG. 7 located in the control unit 
72 of FIG. 6. 

In FIG. 7, the printer engine control unit 53 sends “61H' in 
7-bit data as a high voltage output instruction value DATA to 
the serial communication receiving circuit 81c in the triangle 
wave data generation unit 81 through three-wire system serial 
communication. The serial communication receiving circuit 
81c outputs “61H' as 8-bit parallel data by adding “0” as an 
upper bit 7 of the received serial data. 
As shown in FIG. 12, the 32-divider circuit 81a divides the 

input 25 MHZ clock signal CLK by 32 and outputs it to the 
13-bit computing register 81e and the 8-bit counter 81f. Fur 
ther, the 5120-divider circuit 81b also divides the 25 MHz 
clock signal CLK by 5120 to obtain a pulse S81 and outputs 
the pulse S81 to the 8-bit DAC constant voltage value register 
81d and the 13-bit computing register 81e. The 8-bit counter 
81f is reset to “0” by the rising edge of the pulse S81 and by 
the time of reset. The 8-bit counter 81 ficounts up according to 
the rising edge of an output pulse from the 32-divider circuit 
81a and outputs this count value to the comparator 81g. 
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The comparator 81g outputs a 2-bit value to the 13-bit 
computing register 81e based on the input count value of the 
8-bit counter 81f. In the comparator 81g, when the count 
value of the 8-bit counter 81 fis, for example, 00-1FH, “00b 
is output; when the count value is 20-3FH, “01b is output: 5 
when the count value is 40-7FH, “10b is output; and when 
count value is 80-9FH, “01b' is output. 

At the time of reset, the 13-bit computing register 81e is 
reset when all of contents are “0” An 8-bit value of the 8-bit 
DAC constant voltage value register 81d is set to be equal to 10 
the upper 8 bits of the 13-bit computing register 81e by the 
rising of the pulse S81 output from the 5120-divider circuit 
81b. In this case, because “61H is output from the 8-bit DAC 
constant voltage value register 81d, a 5-bit value shifted to the 
left is set in the 13-bit computing register 81e. In other words, 15 
“O110 0001b is converted to “O110 0001 00000b, and the 
converted one is set in the 13-bit computing register 81e. At 
this time, a value of “O'” is set to lower 5 bits of the 13-bit 
computing register 81e. 

Next, the 13-bit computing register 81e performs comput- 20 
ing according to the 2-bit value output from the comparator 
81g by the rising edge of a pulse input from the 32-divider 
circuit 81a. Since the output value of the comparator 81g is 
“00b' when the count value of the 8-bit counter 81 fis 0-1FH, 
a value of the 13-bit computing register 81e is still “01100001 25 
00000b.” When the count value of the 8-bit counter 81f 
becomes “20H. the output value of the comparator 81g 
becomes “01b.” By the next rising of the output pulse of the 
32-divider circuit 81a, a value of the 8-bit DAC constant 
voltage value register 81d is added to the previous 13-bit 30 
value, “O110 0001 00000b, therefore, the 13-bit value 
becomes “0110 0100 00001b.” As a result, “64H in which 
the bit 4 value “O'” is added to the 8-bit value “64H of the bit 
12 through bit 5, as a triangle wave data S72b, is output to the 
DAC 79. 35 

As shown in FIGS. 13A and 13B, in the 13-bit computing 
register 81e, addition and Subtraction are performed accord 
ing to the output value of the comparator 81g shown in the 
timing diagram of FIG. 12. The triangle wave data S72b with 
8 bits output from the 13-bit computing register 81e is con- 40 
verted into the target voltage S79 with analog by the DAC 79. 

Next, the operation of other circuit in the control unit 72 
shown in FIG. 6 is explained. In the control unit 72 in FIG. 6, 
when a reset signal RESET with a low value "L' is input, each 
internal count value of the up counter 83, the D latch 84, the 45 
19-bit register 90, and the error retention register 94 are 
initialized. 
When the input reset signal RESET is released, and the low 

value “L” becomes a high value “H” the input ON/OFF 
signal is set to a low value “L” so that a “disable” state is 50 
retained. Because the input comparison result S78 of the 
output voltage comparison part 78 becomes a high value “H” 
in an OFF state for a high voltage output, the up counter 83 
performs to count up. This count value is output to the D latch 
84. While the ON/OFF signal is at a low value“L” the D latch 55 
84 does not latch a count value of the up counter 83 so that the 
D latch 84 retains a “0” clear state at the time of reset. The 
comparator 85-1 outputs 3 bits to the computing unit 89-1 and 
outputs 5 bits to the table register 88 based on a 13-bit output 
value of the D latch 84. 60 

FIG. 14 is a flow diagram showing the operation for a case 
in which the comparator 85-1 outputs a 3-bit value to the 
computing unit 89-1 shown in FIG. 6. 
A 3-bit value output operation of the comparator 85-1 is 

explained with reference to the flow diagram of FIG. 14. 65 
Note that the flow diagram in FIG. 14 is made with hard 

ware description language and runs for parallel comparison. 
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In ST1, the operation of the comparator 85-1 is started. In 

ST2, it is determined whether or not the value of the D latch 
84 is in a range of 000-7FFH. If it is, the flow goes to ST3. If 
it is not, the flow goes to ST4. In ST3, the comparator 85-1 
outputs "000b' to the computing unit 89-1, and processing 
ends in ST11. In ST4, it is determined whether or not the value 
of the D latch 84 is in a range of 800-97FH. If it is, the flow 
goes to ST5. If it is not, the flow goes to ST6. In ST5, the 
comparator 85-1 outputs “011b to the computing unit 89-1, 
and processing ends in ST11. 

In ST6, it is determined whether or not the value of the D 
latch 84 is in a range of 980-A7FH. If it is, the flow goes to 
ST7. If it is not, the flow goes to ST8. In ST7, the comparator 
85-1 outputs "100b” to the computing unit 89-1, and process 
ing ends in ST11. In ST8, it is determined whether or not the 
value of the D latch 84 is in a range of A80-BFFH. If it is, the 
flow goes to ST9. If it is not, the flow goes to ST10. 

In ST9, the comparator 85-1 outputs “011b” to the com 
puting unit 89-1, and processing ends in ST11. In ST10, the 
comparator 85-1 outputs "100b” to the computing unit 89-1, 
and processing ends in ST11. 
As explained above, the comparator 85-1 outputs five val 

ues, 000-100b, to the computing unit 89-1 according to high 
value “H” periods, 0-40%, 40-47.5%, 47.5-52.5%, 
52.5-60%, and 60-100%. The comparator 85-1 outputs 3 bits 
to the computing unit 89-1 and outputs the upper 5 bits of the 
input 13 bits from the D latch 84 to the table register 88. 
Because a value of the D latch in an initial state is “0” the 
comparator 85-1 outputs "000b' to the computing unit 89-1 
and outputs "00000b” to the table register 88. 

FIG. 15 is a table showing input and output values of the 
table register 88 shown in FIG. 6. In the table register 88, the 
relationship between input 5-bit values and output 4-bit val 
ues is defined by one-to-one, and the output 4-bit values are 
output to the computing unit 89-1. As shown in (1)–(6) below, 
the computing unit 89-1 computes a 19-bit value based on a 
3-bit output value of the comparator 85-1, a 19-bit output 
value of the 19-bit register 90, and a 4-bit output value of the 
table register 88, and outputs the computing result to the 
19-bit register. 

(1) When the output value of the comparator 85-1 is 
“000b, the computing unit 89-1 performs as follows: a num 
ber of bits of a 19-bit value, which correspond to a value 
shown by a 4-bit value in a range 0-9 output from the table 
register, 00001H, is shifted to the left; the shifted 19-bit value 
is subtracted from a value of the 19-bit register 90; and the 
19-bit value as the subtraction result is output to the 19-bit 
register 90. 

(2) When the output value of the comparator 85-1 is 
“001b, the computing unit 89-1 performs as follows: a 19-bit 
value, 00001H, is subtracted from a value of the 19-bit reg 
ister 90; and the 19-bit value as the subtraction result is output 
to the 19-bit register 90. 

(3) When the output value of the comparator 85-1 is 
“010b, the computing unit 89-1 performs as follows: a value 
as a 19-bit value of the 19-bit register 90 is output to the 19-bit 
register without change. 

(4) When the output value of the comparator 85-1 is 
“011b, the computing unit 89-1 performs as follows: a 19-bit 
value, 00001H, is added to a value of the 19-bit register 90: 
and the 19-bit value as the addition result is output to the 
19-bit register 90. 

(5) When the output value of the comparator 85-1 is 
“100b, the computing unit 89-1 performs as follows: number 
of bits, which corresponds to a value shown by a 4-bit value in 
a range 0-9 output from the table register, of a 19-bit value, 
00001H, is shifted to the left; the shifted 19-bit value is added 
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to value of the 19-bit register 90; and the 19-bit value as the 
addition result is output to the 19-bit register 90. 

(6) In an initial state, because a 5-bit value is "00000b, and 
a value of the table register is “8” the computing unit 89-1 
outputs a value, which is computed by subtracting “100h' 
from a value of the 19-bit register 90, to the 19-bit register 90. 
A 9-bit counter upper limit value register 86 retains a limit 

value, “228 dec (OE4 hex) of a divider ratio integer part. In 
the first disclosed embodiment, a fixed value is 9 bits. How 
ever, a rewritable value may be used in alternate embodi 
ments. A value that can be externally set may also be used. A 
retention value of the counter upper limit value register 86 is 
always output to the 19-bit register 90. An initial value (start 
divider ratio), “192 dec (000 hex), of a divider ratio integer 
part is set in a 9-bit counter lower limit value register 87. In the 
first disclosed embodiment, a fixed value is 9 bits. However, 
a rewritable value may be used in alternate embodiments. A 
value that can be externally set may also be used in alternate 
embodiments. A retention value of the counter lower limit 
value register 87 is always output to the 19-bit register 90. 

In the 19-bit register 90, at the time of reset, lower 10 bits 
as a fractional part is cleared to “0” and a value of the counter 
lower limit value register 87 is set to the upper 9 bits as an 
integer part. A set 19-bit value is output to the computing unit 
89-1. After that, the 19-bit register 90 compares the 19-bit 
value output from the computing unit 89-1 with the values of 
the counter upper limit value register 86 and the counter lower 
limit value register 87 at the rising edge of the pulse S81 
output from the triangle wave data generation unit 81. When 
a formula, (the counter lower limit 9-bit value)<(the upper 
9-bit value of a 19-bit value output from computing unit 
89-1)<(the counter upper limit 9-bit value), is applied, the 
19-bit register 90 updates a value of the 19-bit register 90 by 
the 19-bit value output from the computing unit 89-1. When a 
formula, (the counter lower limit 9-bit value)>(the upper 9-bit 
value of a 19-bit value output from computing unit 89-1), is 
applied, the 19-bit register 90 updates the upper 9-bit value of 
the 19-bit register 90 by the 9-bit value of the counter lower 
limit value register 87, and “O'” is set to the lower 10 bits. 
When a formula, (the counter upper limit 9-bit value)<(the 
upper 9-bit value of a 19-bit value output from computing unit 
89-1), is applied, the 19-bit register 90 updates the upper 9-bit 
value of the 19-bit register 90 by the 9-bit value of the counter 
upper limit value register 86, and “O'” is set to the lower 10 
bits. In an initial state, because “000 hex' is set as the upper 9 
bits of the 19-bit register 90, “3000 hex” is set as a value of the 
19-bit register 90. A value (2F000 hex) that is obtained by 
subtracting “100 hex” from “30000 hex is output from the 
computing unit 89-1. The 19-bit register 90 compares the 
upper 9 bits, “OBC hex,” of the “2F000 hex value with “000 
hex” of the counter lower limit value register 86 at the rising 
edge of the pulse S81 output from the triangle wave data 
generation unit 81. In this case, because a formula, (the 
counter lower limit 9-bit value)>(the upper 9-bit value of a 
19-bit value output from computing unit 89-1), is satisfied, a 
value of the 19-bit register 90 is not updated. The integer part 
of the upper 9 bits of the 19-bit register 90 is output to the 
divider selector 92 and the subtractor (-1) 91. The fractional 
part of the lower 10 bits of the 19-bit register 90 is output to 
the comparator 85-2 and the computing unit 89-2. 

Since a lower 10-bit output value of the 19-bit register 90 is 
“0” the comparator 85-2 outputs a select signal “select, at a 
low value “L” to the divider selector 92. The 11-bit output 
values of the computing unit 89-2 and the error retention 
register 94 are retained as “0” at the time of reset. The sub 
tractor (-1) 91 subtracts “1” from “192 dec (0C0 hex) as the 
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upper 9-bit value of the 19-bit register 90 and outputs a 9-bit 
value, “191 dec (OBF hex) to the divider selector 92. 

Because the select signal 'select’ input from the compara 
tor 85-2 is “L” the divider selector 92 outputs a 9-bit value of 
a 9-bit input, “191 dec(OBF hex), from the subtractor (-1)91 
to the divider 93. The divider 93 counts the input clock signal 
CLK and outputs 191-cycle as a divider selector output 9-bit, 
i.e., a pulse with 7.64 usec (191x40/1000–7.64), to the output 
selector 95. The pulse has a turn-on time, 2.16 usec, in order 
to have approximately 30% on-duty. The turn-on time is 
calculated by determining the Sum of a 4 value, a /32 value, 
and a /64 value of the output of the 9-bit value output by the 
subtractor (-1) 91. If the 9-bit value is 191 dec (OBF hex), 
then the 4 value“02F hex” is obtained by shifting “OBF hex” 
to the right by 2 bits, the /32 value “005 hex” is obtained by 
shifting “OBF hex” to the right by 5 bits, and the /32 value 
“002 hex” is obtained by shifting “OBF hex” to the right by 6 
bits. The sum of “O2F hex,” “005 hex, and “002 hex is “036 
hex (54 dec), giving a pulse width of 54x40/1000-2.16 usec. 

While the ON/OFF signal that is input as the select signal 
“select is at a low value “L” the output selector 95 keeps its 
output port OUT1 that is for outputting the driving pulse S72a 
as a low value “L’As discussed above, after the reset is 
released, the output port OUT1 of the control unit 72 retains 
a low value “L” so long as the ON/OFF signal is in a low value 
“L” state. But, an internal divider 93 keeps generating a pulse 
with an initial divider ratio. 
When the ON/OFF signal from the printer engine control 

unit 53 is switched to a high value “H” the output selector 95 
selects a pulse that is output from the divider 93 and outputs 
the pulse as the driving pulse S72a to the output port OUT1 of 
the control unit 72. The driving pulse S72a enables the piezo 
electric transformer driving circuit 74 to perform switching so 
that the piezoelectric transformer 75 is driven. Then, an AC 
high Voltage is output from the secondary side output terminal 
75b of the piezoelectric transformer 75. The AC high voltage 
is converted into a DC high voltage by the rectifier circuit 76. 
Further, the DC high voltage is converted into a DC low 
voltage S77 by the output voltage conversion part 77. The DC 
low voltage S77 is input to the output voltage comparison part 
T8. 
When the piezoelectric transformer 75 is driven by a 

divider of the initial setting, a high Voltage output is raised. As 
a result, the comparison result S78 output from the output 
voltage comparison part 78 becomes a PWM waveform out 
put, which corresponds to a waveform in the case in which the 
high voltage output is lower than the target voltage S79 in 
FIG. 10, with a 204.80 usec cycle and a duty over 60%. 
The up counter 83 shown in FIG. 6 is reset by the rising of 

the pulse S81 with a 204.80 usec cycle output from the tri 
angle wave data generation unit 81. The up counter 83 counts 
up a period of a high value “H” for the comparison result S78 
with a 204.80 usec cycle. The up counter 83 counts the com 
parison result S78 in a range of 0 through 5119 in 5120 cycles 
with a 204.80 usec cycle. 
When the ON/OFF signal that is input with reset at the 

same time is at a high value “H” data is latched in the D latch 
84. A latched value decreases when the high voltage output 
rises. As discussed above, a value of the 19-bit register 90 as 
a frequency control value is updated by the comparator 85-1, 
the table register 88, and computing unit 89-1. When an 
output value of the comparator 85-1 becomes a value corre 
sponding to ST6 shown in the flow diagram in FIG. 14, the 
value of the 19-bit register 90 is fixed so that constant voltage 
control is performed. When the latched value is changed due 
to load change and so on, a value of the table register 88 and 
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an output of the comparator 85-1, which are control values, 
are updated. As a result, frequency control is performed once 
again. 
A relationship between the high Voltage output and the 

comparison result S78 output from the output voltage com 
parison part 78 is shown in FIG. 10. 

FIG. 16 a schematic diagram showing a relationship 
between the rise of the high Voltage output and the compari 
son result S78 that is output from the output voltage compari 
son part 78. 
As explained above, a frequency is set as the following (1) 

through (10) depending on a “H” period ratio in a mix wave 
cycle for a digital value of the comparison result S78 that 
compares the mix wave of a constant wave and triangle wave 
with a conversion output of the high Voltage output in the 
output Voltage comparison part 78. 

(1) When the “H” period ratio is approximately 95-100%, 
an addition is performed with a step of “100 hex” in the 19-bit 
register 90 so that the 19-bit register 90 is set for lowering a 
frequency. 

(2) When the “H” period ratio is approximately 90-95%, an 
addition is performed with a step of “80 hex” in the 19-bit 
register 90 so that the 19-bit register 90 is set for lowering a 
frequency. 

(3) When the “H” period ratio is approximately 85-90%, an 
addition is performed with a step of “40 hex” in the 19-bit 
register 90 so that the 19-bit register 90 is set for lowering a 
frequency. 

(4) When the “H” period ratio is approximately 80-85%, an 
addition is performed with a step of "20 hex” in the 19-bit 
register 90 so that the 19-bit register 90 is set for lowering a 
frequency. 

(5) When the “H” period ratio is approximately 75-80%, an 
addition is performed with a step of “10 hex” in the 19-bit 
register 90 so that the 19-bit register 90 is set for lowering a 
frequency. 

(6) When the “H” period ratio is approximately 70-75%, an 
addition is performed with a step of “8 hex” in the 19-bit 
register 90 so that the 19-bit register 90 is set for lowering a 
frequency. 

(7) When the “H” period ratio is approximately 65-70%, an 
addition is performed with a step of “4 hex” in the 19-bit 
register 90 so that the 19-bit register 90 is set for lowering a 
frequency. 

(8) When the “H” period ratio is approximately 60-65%, an 
addition is performed with a step of “2 hex” in the 19-bit 
register 90 so that the 19-bit register 90 is set for lowering a 
frequency. 

(9) When the “H” period ratio is approximately 52.5-60%, 
an addition is performed with a step of “1 hex” in the 19-bit 
register 90 so that the 19-bit register 90 is set for lowering a 
frequency. 

(1) When the “H” period ratio is approximately 47.5- 
52.5%, a value of the 19-bit register 90 is not changed. 
As discussed above, a high Voltage output is controlled so 

as to be a target voltage by updating the 19-bit register 90 as 
a frequency control value. A pulse frequency that is controlled 
by the setting result of the 19-bit register 90 is explained 
below. 
When a high Voltage output exceeds a target Voltage due to 

load change or overshoot, a frequency is set as the following 
(1) through (9) as a duty control equal to below 47.5%. 

(1) When duty is approximately 40-45%, a subtraction is 
performed with a step of “1 hex” in the 19-bit register 90 so 
that the 19-bit register 90 is set for upping a frequency. 
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(2) When duty is approximately 35-40%, a subtraction is 

performed with a step of “2 hex” in the 19-bit register 90 so 
that the 19-bit register 90 is set for upping a frequency. 

(3) When duty is approximately 30-35%, a subtraction is 
performed with a step of “4 hex” in the 19-bit register 90 so 
that the 19-bit register 90 is set for upping a frequency. 

(4) When duty is approximately 25-30%, a subtraction is 
performed with a step of “8 hex” in the 19-bit register 90 so 
that the 19-bit register 90 is set for upping a frequency. 

(5) When duty is approximately 20-25%, a subtraction is 
performed with a step of “10 hex” in the 19-bit register 90 so 
that the 19-bit register 90 is set for upping a frequency. 

(6) When duty is approximately 15-20%, a subtraction is 
performed with a step of "20 hex” in the 19-bit register 90 so 
that the 19-bit register 90 is set for upping a frequency. 

(7) When duty is approximately 10-15%, a subtraction is 
performed with a step of “40 hex” in the 19-bit register 90 so 
that the 19-bit register 90 is set for upping a frequency. 

(8) When duty is approximately 5-10%, a subtraction is 
performed with a step of “80 hex” in the 19-bit register 90 so 
that the 19-bit register 90 is set for upping a frequency. 

(9) When duty is approximately 0-5%, a subtraction is 
performed with a step of “90 hex” in the 19-bit register 90 so 
that the 19-bit register 90 is set for upping a frequency. 

FIG. 17 is a table showing a relationship among values of 
an error holding register 94, values of the lower 10 bits of a 
19-bit register 90, and binary outputs of a select signal that is 
output from a comparison unit 85-2. 
The comparator 85-2 in FIG. 6 compares the lower 10 bits 

as a fractional part of the 19-bit register 90 with the signed 11 
bits of the error retention register 94 and outputs a select 
signal 'select” for selecting either N-dividing or (N-1)-di 
viding to the divider selector 92. When the lower 10 bits of the 
19-bit register 90 are “0” the comparator 85-2 outputs a value 
of"0" (i.e., “L”) to the divider selector 92. For example, when 
upper 9 bits of the 19-bit register 90 is “221 dec (ODD hex).” 
and when the lower 10 bits are “0” a pulse with 220-dividing 
is output. Since a value of the error retention register 94 is "0. 
the lower 10 bits of the 19-bit register 90 are “0” and the 
output value of the comparator 85-2 is “L” the computing 
unit 89-2 updates the value of the error retention register 94 to 
“0” 

For example, when a value of the 19-bit register 90 is 
“3752Chex,” an integer part of upper 9 bits is “221 dec (ODD 
hex), and lower bits are “300 dec (12C hex). As shown in 
FIG. 17, when the lower 10 bits of the 19-bit register 90 are 
not “0” an output value of the comparator 85-2 is decided 
based on the sign of the error retention register 94. In a first 
row in which a value of the error retention register 94 is "0. 
an output value of the comparator 85-2 is a value of “1” (i.e., 
“H”) so that a pulse with 222-dividing is output. In the next 
pulse, because an output value of the comparator 85-2 is “1,” 
a value of the error retention register 94 is updated to "-724 
(52Chex/11 bits) by adding “-1024” and “300 a value of the 
19-bit register 90 as shown in the second row. In the next 
pulse, because a value of the error retention register 94 is 
negative, an output value of the comparator 85-2 is “0” (i.e., 
“L”) so that a pulse with 220-dividing is output. The error 
retention register 94 always retains the difference between a 
value of a divider ratio fractional part and an actual divider 
ratio. Therefore, a mean divider ratio for a certain period of 
time is approximately is as follows: (the upper 9 bits of the 
19-bit register)+(the lower 10 bits of the 19-bit register)/1024. 
Even though the 19-bit register 90 is updated, a value of the 

error retention register 94 retains previous error values. 
Therefore, the divider selector 92 selects a divider ratio by 
comparing the lower 10 bits of the newly updated 19-bit 
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register 90 with the signed 11 bits of the error retention 
register 94. When a high Voltage output becomes a target 
voltage, a high “H” rate in unit time (cycle T in FIG. 10) of the 
comparison result S78 output from the output voltage com 
parison part 78 is in a range of 52.5-47.5% so that the value of 
the 19-bit register 90 is fixed. When it is out of the range of 
52.5-47.5%, the lower bits of the 19-bit register are repeated 
up and down. However, since the mean resolution is 30/1024 
insec, a nearly stabled high Voltage output with a constant 
Voltage is obtained. 

Another Example of First Embodiment 

In the first embodiment, the following other examples (a) 
through (f) can be used. 

(a) In the first embodiment, N-dividing or (N-1)-dividing 
of 25 MHz is changeably output. However, for example, 
2N-dividing or (2N-2)-dividing of 50 MHz is changeably 
output. 

(b) In the first embodiment, 25 MHz is used. When a 
different divider ratio is used, a lower value of 20 MHz can be 
realized in the same manner. 

(c) When the ON/OFF signal from the printer engine con 
trol unit 53 becomes a low value “L” a pulse output from the 
output selector 95 is stopped, and an output from the piezo 
electric transformer 75 is also decayed in a moment. 

(d) Values of the table register shown in FIG. 15 are merely 
given as examples. Optimum values are different according to 
load condition and obtained rising speed so that the values of 
the first embodiment are not limited. A high “H” rate in unit 
time of the comparison result S78 output from the output 
voltage comparison part 78 is defined by a step of 5% in the 
table. Other values, a step of 10%, 1%, or the like, may be 
used. 

(e) Frequency resolution used for frequency control is not 
limited to a value of the first embodiment. Several combina 
tions together with values discussed above are possible. With 
respect to an output cycle T of a mix wave of a constant 
Voltage and triangle wave of the triangle wave data generation 
unit 81, it is possible to have a high speed one by decreasing 
resolution; and it is possible to have alonger cycle by increas 
ing resolution. 

(f) In the first embodiment, the DAC 79 is explained as 8 
bits. However, a higher resolution DAC can be used in alter 
nate embodiments, such as 10 bits or 12 bits. 

Effect of First Embodiment 

In the first embodiment, because a constant Voltage value 
showing a target voltage S79 output from the DAC 79 and a 
triangle wave output are mixed and output, it is possible to 
have both stable constant Voltage control with a high Voltage 
output near resonance frequency by the piezoelectric trans 
former 75 and control with a short rise time. 

Second Embodiment 

An image forming device and a control circuit according to 
a second disclosed embodiment operate in the same manner 
as FIGS. 2 and 3 according to the first disclosed embodiment. 
A high Voltage power source device according to the second 
disclosed embodiment located in the image forming device is 
substantially the same as FIGS. 1 and 4 according to the first 
disclosed embodiment. The difference between the first and 
second disclosed embodiments is a configuration of a control 
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24 
unit located in a piezoelectric transformer driving device 70 
in FIGS. 1 and 4. The different control unit is explained 
below. 

Configuration of Second Disclosed Embodiment 

FIG. 18 is a block diagram of a control unit 72A according 
to a second disclosed embodiment. Elements that are the 
same as elements of the control unit 72 according to the first 
disclosed embodiment in FIG. 6 are assigned the same refer 
ence numerals. 
A control unit 72A according to the second disclosed 

embodiment is a circuit located inside the piezoelectric trans 
former driving device 70 shown in FIGS. 1 and 4 in the same 
manner of the first disclosed embodiment. In the control unit 
72A, a computing unit 89-1A that has a different function to 
and replaced with the computing unit 89-1 in the control unit 
72 according to the first disclosed embodiment shown in FIG. 
6 is provided. Further, a new retention part (for example, a D 
latch) 84A and a comparator 85-1A are added. 
The D latch 84A is connected to outputsides of the D latch 

84 and the AND gate 82. The comparator 85-1A is connected 
to output sides of the D latch 84A and the D latch 84. The 
computing unit 89-1A is connected to an output side of the 
comparator 85-1A. 
The D latch 84A latches a 13-bit value of the D latch 84 in 

a preceding block at the rising of an output signal of the AND 
gate 82 and gives the 13-bit value as a latch result to the 
comparator 85-1A. The comparator 85-1A compares a 13-bit 
value of the D latch 84 with a 13-bit value of the D latch 84A 
and gives a 2-bit value as a comparison result to the comput 
ing unit 89-1A. The computing unit 89-1A has the following 
differences (a)-(e) compared with the computing unit 89-1 
according to the first disclosed embodiment. 

(a) When the comparison result of the comparator 85-1 is 
“000b, a 19-bit value, “00001H, is shifted to the left with 4 
bits of 0-9 output from the table register 88. The shifted result 
is subtracted from a value of the 19-bit register 90. A 19-bit 
value as a subtraction result is output to the 19-bit register 90. 

(b) When the comparison result of the comparator 85-1 is 
“001b, a 19-bit value, “00001H is subtracted from a value 
of the 19-bit register 90. A 19-bit value as a subtraction result 
is output to the 19-bit register 90. 

(c) When the comparison result of the comparator 85-1 is 
“010b,” a 19-bit value of the 19-bit register 90 is not changed. 
The unchanged 19-bit value is output to the 19-bit register 90. 

(d) When the comparison result of the comparator 85-1 is 
“011b, a 19-bit value, “00001H is added to a value of the 
19-bit register 90. A 19-bit value as an addition result is output 
to the 19-bit register 90. 

(e) When the comparison result of the comparator 85-1 is 
“001b, a 19-bit value, “00001H, is shifted to the left with 4 
bits of 0-9 output from the table register 88. The shifted result 
is multiplied by a value of 1-4 in which 1 is added to a 2-bit 
value of 0-3 of the comparison result of the comparator 
85-1A. A 19-bit value as an addition result is output to the 
19-bit register 90. 
Other structures are the same as the first disclosed embodi 

ment. 

Operation of Second Disclosed Embodiment 

The entire operation of an image forming device according 
to the second disclosed embodiment is the same as the first 
disclosed embodiment. In the second disclosed embodiment, 
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the operation of the control unit 72A is different from the 
control unit 72 of the first embodiment shown in FIG. 6. Only 
the difference is explained. 
A 13-bit value of the D latch 84 means that an output “H” 

period as a mix wave cycle of an immediate preceding con- 5 
stant voltage and triangle wave of the comparison result S78 
of the output voltage comparison part 78 is retained. A 13-bit 
value of the D latch 84A means that an output “H” period of 
the preceding 1 cycle (preceding 204.8 usec) is retained as the 
13-bit value of the D latch 84 of the output voltage compari- 10 
son part 78. Under the condition of the following: (the output 
value of the D latch 84)>3072 and (the output value of the D 
latch 84A)>3072, the comparator 85-1A performs as follows. 
When 5 bits of each of latch output 13 bits are the same, a 2-bit 
data, “01b, is output. When the upper 6 bits are the same, a 15 
2-bit value, “10b,” is output. When the upper 7 bits are the 
same, a 2-bit value, “11 b is output. In other cases, a 2-bit 
value, “00b, is always output. 
When change of each unit time (204.8 usec) in the “H” 

period of the comparison result S78 output from the output 20 
Voltage comparison part 78 is Small, a 2-bit value in a range of 
“01b-11b is output. Amount of the frequency change is large 
by multiplying a value of 2-4 in which 1 is added to the 
“01b-11 b” (value of 1-3) in the computing unit 89-1A by 
outputting a 2-bit value of “01b-11b.”. 25 

FIG. 19 is a schematic diagram showing a relationship 
between the rise of a high Voltage output and the comparison 
result S78 that is output from the output voltage comparison 
part 78 according to the second disclosed embodiment. FIG. 
19 corresponds to FIG. 16 according to the first disclosed 30 
embodiment. 

In the second disclosed embodiment, when amount of 
change of the comparison result S78 in each sampling in the 
output Voltage comparison part 78 is Small, frequency 
instruction value change is controlled to be large. As a result, 35 
it is possible to have control with a further shortened rise time. 
When the gain at the time of rising is as large as the second 

disclosed embodiment, overshoot occurs as shown in FIG. 19. 
In this case, because an “H” period ratio of the comparison 
result S78 output from the output voltage comparison part 78 40 
is equal to or less than 40%, control for increasing a frequency 
is immediately performed so that it is possible to have stable 
constant Voltage control. 

Effect of Second Disclosed Embodiment 45 

In the second disclosed embodiment, because gain adjust 
ment at the time of rising are furthermore finely performed by 
retaining and comparing the comparison result S78 output 
from the output voltage comparison part 78 in each unit time 50 
through providing the Dlatch 84A and the comparator 85-1A, 
it is possible to have a fast rise time and stable constant 
Voltage control regardless of load change. 

Third Disclosed Embodiment 55 

An image forming device and a control circuit according to 
a third disclosed embodiment are substantially the same as 
FIGS. 2 and 3 according to the first disclosed embodiment. A 
high Voltage power source device according to the third dis- 60 
closed embodiment located in the image forming device is 
substantially the same as FIGS. 1 and 4 according to the first 
disclosed embodiment. The difference between the first and 
third disclosed embodiments is a configuration of a control 
unit located in a piezoelectric transformer driving device 70 65 
in FIGS. 1 and 4. The different control unit is explained 
below. 

26 
Configuration of Third Disclosed Embodiment 

FIG. 20 is a block diagram of a control unit 72B according 
to a third disclosed embodiment. Elements that are the same 
as elements of the control unit 72 according to the first dis 
closed embodiment in FIG. 6 are assigned the same reference 
numerals. 
A control unit 72B according to the third disclosed 

embodiment is a circuit located inside the piezoelectric trans 
former driving device 70 shown in FIGS. 1 and 4 in the same 
manner of the first disclosed embodiment. In the control unit 
72B, a comparator 85-2B that has a different function to and 
is replaced with the comparator 85-2 in the control unit 72 
according to the first disclosed embodiment shown in FIG. 6 
is provided. Further, a 10-bit numerical sequence generation 
unit 94B is provided to replace the computing unit 89-2 and 
the error retention register 94 according to the first disclosed 
embodiment. A binarization means with a threshold matrix is 
configured with the 19-bit register 90, the subtractor (-1) 91, 
the divider selector 92, the 10-bit numerical sequence gen 
eration unit 94B, and the comparator 85-2B. 
The 10-bit numerical sequence generation unit 94B is con 

nected to an output side of the output selector 95. The com 
parator 85-2B is connected to an output side of the 10-bit 
numerical sequence generation unit 94B. 
The comparator 85-2B compares two input values: the 

lower 10 bits input from the 19-bit register 90 as a fractional 
part, and a 10-bit value input from the 10-bit numerical 
sequence generation unit 94B. The comparator 85-2B then 
outputs a 1-bit select signal “select to the divider selector 92 
based on the comparison result. In this case, each of the 10-bit 
values is treated as an unsigned integer. When the comparison 
result is in the following formula: (the lower 10 bits of the 
19-bit register)>(the output value of the 10-bit numerical 
sequence generation unit), the comparator 85-2B outputs a 
high value “H” as a select signal “signal’ to the divider 
selector 92. As a result, the divider selector 92 outputs the 
upper 9 bits of the 19-bit register 90 to the divider 93. On the 
other hand, when the comparison result is in the following 
formula: (the lower 10 bits of the 19-bit register) 5 (the output 
value of the 10-bit numerical sequence generation unit), i.e., 
other than the previous condition, the comparator 85-2B out 
puts a low value “L” as a select signal “signal’ to the divider 
selector 92. As a result, the divider selector 92 outputs a 9-bit 
value of the subtractor (-1) 91 to the divider 93. 
The 10-bit numerical sequence generation-unit 94B has an 

internal counter that counts a rising edge of the driving pulse 
S72a output from the output selector 95 and operates to flip 
the values of bit-0-bit-9 of the counter vertically and to output 
the result to the comparator 85-2B. In other words, when 
upper to lower output bits, i.e., bit 9 to bit 0, are defined as bit 
9 0-bit 0 0, and when upper to lower counter bits, i.e., bit 9 
to bit 0, are defined as bit 9 C bit 0 C, those bits have the 
following relationship: bit 9 0-bit 0 C; bit 8 0-bit 1 C, bit 
7 0-bit 2 C, bit 60-bit 3 C, bit 50-bit 4 C, bit 40-bit 
5 C, bit 3 0=bit 6 C, bit 20=bit 7 C, bit 10-bit 8 C, and 
bit 0 0=bit 9 C. 

Other structures are the same as the first disclosed embodi 
ment. 

Operation of Third Disclosed Embodiment 

The entire operation of an image forming device according 
to the third disclosed embodiment is the same as the first 
disclosed embodiment. In the third disclosed embodiment, 
the operation of the control unit 72B is different from the 
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control unit 72 of the first disclosed embodiment shown in 
FIG. 6. Only the difference is explained below. 

In FIG. 20, the lower 10 bits of a value set in the 19-bit 
register 90 are output to the comparator 85-2B. The compara 
tor 85-2B compares them with the 10 bits output from the 
10-bit numerical sequence generation unit 94B. When the 
lower 10 bits of the 19-bit register 90 are larger than the 10 bits 
output from the 10-bit numerical sequence generation unit 
94B, the comparator 85-2B outputs a high value “H” as a 
select signal “select to the divider selector 92. In this case, 
comparison of the 10-bit values is treated as an unsigned 
integer. 

For example, when the upper 9 bits of the 19-bit register 90 
are “221 dec,” the lower 10 bits are “512 dec” (i.e., “10 
0000 0000b'), and when the internal counter of the 10-bit 
numerical sequence generation unit 94B has the following 
values, 0, 1, 2, 3, and 4 (i.e., 00 0000 0000b, 00 0000 
0001b, 00 0000 0010b, 00 0000 0011b, 00 0000 
0100b), an output value of the 10-bit numerical sequence 
generation unit 94B is as follows because the 10-bit values are 
flipped vertically, 0,512, 256, 768, and 128 (i.e., 00 0000 
0000b, 10 0000 0000b, 01 0000 0000b, 11 0000 
0000b, and 00 1000 0000b. As discussed above, after the 
comparator 85-2B compares, the select signal “select is out 
put from the comparator 85-2B as follows: 1, 0, 1, 0, 1. As a 
result, the values 295, 294, 295, 294, 295 are output from the 
divider selector 92. Before the counter of the 10-bit numerical 
sequence generation unit 94B counts 0-1023, 221-dividing 
and 220-dividing are each occurred 512 times. As a result, the 
mean divider ratio is 220.5-dividing. An integer part is 221, 
and a fractional part is 512 that are values of the 19-bit register 
90 as a divider ratio instruction means. Namely, the fraction 
512/1024-0.5 is equal to the fractional dividing factor. 

Another example of Third Disclosed Embodiment 

In the third disclosed embodiment, the following other 
examples (a) and (b) can be used. 

(a) In the third disclosed embodiment, the 10-bit numerical 
sequence generation unit 94B is provided. With it, 10 bits and 
bit sorting are realized. When a lower resolution of about 5 
bits is used, the internal count value may be directly used, and 
a table instead of the internal counter may be used. 

(b) A frequency is binarized by using a threshold value with 
respect to a target value through the 10-bit numerical 
sequence generation unit 94B, the 19-bit register 90, the 
comparator 85-2B, the subtractor (-1) 91, and the divider 
selector 92. It is controlled such that a real-valued set divider 
ratio is obtained through the mean for a plurality of pulses of 
the binarized divider ratio. In the third disclosed embodiment, 
it is explained that a value of the 19-bit register 90 is not 
changed. However, the value of the 19-bit register 90 may be 
changed in alternate embodiments according to an output 
value of the comparator 85-1. In this case, since a value that is 
obtained by subtracting 1 from the means value of the 19-bit 
register per unit time is equal to the mean divider ration value 
per unit time, effects that are Substantially the same as the 
third disclosed embodiment can be obtained. 

Effect of Third Disclosed Embodiment 

In the third disclosed embodiment, because a divider ratio 
is binarized by using a threshold matrix through the 10-bit 
numerical sequence generation unit 94B, the 19-bit register 
90, the comparator 85-2B, the subtractor (-1) 91, and the 
divider selector 92, high Voltage output Voltage resolution can 
be sufficiently obtained under a low clock signal frequency, 
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such as tens of MHz. It is possible to have both frequency 
controllability with high Voltage output in resonance fre 
quency of the piezoelectric transformer 75 and a fast rise time 
in addition to control by a mix wave of a triangle wave and 
constant Voltage. 

Fourth Disclosed Embodiment 

An image forming device according to a fourth disclosed 
embodiment is similar to FIG. 2 according to the first dis 
closed embodiment. The printer engine control unit 53 in the 
control circuit in FIG.2 according to the first embodiment and 
the piezoelectric transformer driving device 70 in FIGS. 1 and 
4 according to the first disclosed embodiment are different 
from the fourth disclosed embodiment. The differences are 
explained below. 

(Configuration of High Voltage Power Source Device) 
FIG. 21 is a block diagram of a high Voltage power source 
device with a piezoelectric transformer driving device 
according to a fourth disclosed embodiment. Elements that 
are the same as elements of the high Voltage power source 
device according to the first disclosed embodiment in FIG. 1 
are assigned the same reference numerals. 

In the fourth disclosed embodiment, a printer engine con 
trol unit 53C that has different configurations from the printer 
engine control unit 53 according to the first disclosed embodi 
ment is provided by replacing the printer engine control unit 
53 according to the first disclosed embodiment. A piezoelec 
tric transformer driving device 70C that has different configu 
rations from the piezoelectric transformer driving device 70 
in the high voltage power source device 69 according to the 
first disclosed embodiment shown in FIG. 1 is provided in a 
high voltage power source device 69C according to the fourth 
disclosed embodiment that is connected the printer engine 
control unit 53C by replacing the piezoelectric transformer 
driving device 70. A waveform conversion part 120 is pro 
vided by replacing the DAC 79 according to the first disclosed 
embodiment. 
The printer engine control unit 53C according to the fourth 

disclosed embodiment has output ports OUT3 and OUT4. 
and a DAC 110 with 8 bits that correspond to the DAC 79 
according to the first disclosed embodiment. In the first dis 
closed embodiment, the printer engine control unit 53 com 
municates in 7-bit data with the control unit 72 in the high 
voltage power source device 69. On the other hand, in the 
fourth disclosed embodiment, a high Voltage instruction 
value with an 8-bit value that is obtained by shifting the 7-bit 
data according to the first disclosed embodiment to the left, 
with one bit through the DAC 110 and with 8 bits located in 
the printer engine control unit 53C, is set in the waveform 
conversion part 120 in the high Voltage power source device 
69C. In other words, the DAC 110 outputs a voltage that is 
double a Voltage corresponding to a target Voltage value that 
is compared at the output Voltage comparison part 78 in the 
high voltage power source device 69C. 
The high voltage power source device 69C according to the 

fourth disclosed embodiment has the piezoelectric trans 
former driving device 70C and the waveform conversion part 
120 that are different from the first disclosed embodiment, 
and has the piezoelectric transformer 75, the rectifier circuit 
76, the output voltage conversion part 77, and the output 
voltage comparison part 78 that are the same as the first 
disclosed embodiment. The piezoelectric transformer driving 
device 70C has the oscillator 71, the DC power source 73, and 
the piezoelectric transformer driving circuit 74 that are the 
same as the first disclosed embodiment, and the control unit 
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72C that has a different function from the control unit 72 
according to the first disclosed embodiment. 
The control unit 72C has an input port CLK IN, an input 

port IN1 in which the comparison result S78 from the output 
Voltage comparison part 78 is input, an input port IN2 input 
ting an ON/OFF signal, an input port IN3 inputting a reset 
signal “RESET, an output port OUT1 outputting a driving 
pulse S72a, and an output port OUT10 having two signal 
lines. The control unit 72C operates to output the driving 
pulse S72a to the piezoelectric transformer driving circuit 74 
and two control signals to the waveform conversion part 120 
from the output port OUT10 based on an input clock signal 
CLK, the ON/OFF signal, and the reset signal“RESET.” The 
waveform conversion part 120 operates to convert a constant 
voltage output from the DAC 110 by the two control signals 
output from the control unit 72C and to output it to the output 
Voltage comparison part 78. 

FIG. 22 is a detailed circuit diagram of the high voltage 
power source device 69C shown in FIG. 21. Elements that are 
the same as elements of the high Voltage power Source device 
69 according to the first disclosed embodiment in FIG. 4 are 
assigned the same reference numerals. 
The waveform conversion part 120 operates to divide the 

constant voltage output from the DAC 110 in half and to give 
it to the output voltage comparison part 78. The waveform 
conversion part 120 is configured with six of resistances 
121-126, a PNP transistor 127 and an NPN transistor 128, and 
an RC filter 129 that are formed by a resistance 129a and a 
capacitor 129b. Resistance values for the resistances 121 and 
122 are the same. A voltage input to the resistance 129 is 
configured to be /2 of the DAC output voltage. 

Other structures are the same as the first disclosed embodi 
ment. 

(Configuration of Control Unit in Piezoelectric Trans 
former Driving Device) FIG. 23 is a block diagram of the 
control unit 72C shown in FIG.22. Elements that are the same 
as elements of the control unit 72 according to the first dis 
closed embodiment in FIG. 6 are assigned the same reference 
numerals. 

In the control unit 72C according to the fourth disclosed 
embodiment, a waveform data generation unit 81C that is 
different from the triangle wave data generation unit 81 in the 
control unit 72 according to the first disclosed embodiment is 
provided by replacing the triangle wave data generation unit 
81. Further, a table register 88C that is different from the table 
register 88 according to the first disclosed embodiment is 
provided by replacing the table register 88. The control unit 
72C is configured by, for example, an ASIC in the same 
manner of the first disclosed embodiment. 
The waveform data generation unit 81C operates to alter 

natively output two control signals to the waveform conver 
sion part 120 from the output port OUT10 at certain timing 
and to output a pulse S81 in synchronization with the control 
signals. Input and output structures of the table register 88C 
are the same as the table register 88 according to the first 
disclosed embodiment. Only the correspondence for input 
and output is different. 

FIG.24 is a block diagram of the waveform data generation 
unit 81C shown in FIG. 23. Elements that are the same as 
elements of the triangle wave data generation unit 81 accord 
ing to the first disclosed embodiment in FIG. 7 are assigned 
the same reference numerals. 

The waveform data generation unit 81C according to the 
fourth disclosed embodiment is configured with the 32-di 
vider circuit 81a, the 5120-divider circuit 81b, the 8-bit 
counter 81f and comparator 81g that are the same as the first 
disclosed embodiment. The comparator 81g outputs a 2-bit 
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signal according to the 8-bit data output from the 8-bit counter 
81f. An initial state at the time of reset of the comparator 81g 
is “00b” so that both bits are output with a low value “L.” 

FIG. 25 is a table showing input and output values of the 
table register 88C shown in FIG. 23. Elements that are the 
same as elements of the table register 88 according to the first 
disclosed embodiment in FIG. 15 are assigned the same ref 
erence numerals. 

In the table register 88C according to the fourth disclosed 
embodiment, the relationship between input 5-bit values and 
output 4-bit values is defined by one-to-one, and the output 
4-bit values are output to the computing unit 89-1. 

Other structures are the same as the first disclosed embodi 
ment. 

Operation of Fourth Disclosed Embodiment 

The entire operation of an image forming device according 
to the fourth disclosed embodiment is the same as for the first 
disclosed embodiment. In the fourth disclosed embodiment, 
the operation of the high voltage power source device 69C is 
different from the high voltage power source device 69 of the 
first disclosed embodiment. Only the difference is explained. 
A DC output Voltage for the high Voltage power source 

device 69C is set by the printer engine control unit 53C in 
FIG. 21. For example, when the DC output voltage is 5 kV. 
“194” is obtained through 2.5V and a range of 8 bits/3.3V. 
“194” is converted into hexadecimal number, “C2H” (2.51V) 
that is set at the DAC 110. Then, “C2H” is output to the 
waveform conversion part 120 in the high voltage power 
source device 69C. The control unit 72C in the high voltage 
power source device 69C outputs a 2-bit control signal to the 
waveform conversion part 120 from the output port OUT10. 
An output control signal is, for example, a 5120-cycle signal 
(i.e., 204.8 usec). During the cycle, as discussed later, a con 
stant voltage, 1.255V. that is divided in half is given to a 
ground GND side and a 2.51V side for a 20.48 usec period for 
each of the transistors 127 and 128 in FIG. 22. A waveform 
mixing with a constant Voltage period and rectangular wave is 
generated and is Supplied to the output Voltage comparison 
part 78. 

FIG. 26 is a timing diagram of the operation of the wave 
form conversion part 120 shown in FIG.22 and the waveform 
data generation unit 81C shown in FIG. 24. These timing 
diagrams correspond to the timing diagram in FIG.12 accord 
ing to the first disclosed embodiment. 

In FIG. 22, an output voltage of the DAC 110 in the printer 
engine control unit 53C is divided in half by the resistances 
121 and 122 located in the waveform conversion part 120 in 
the high voltage power source device 69C so that 1.255V is 
input to the comparator 78a in the output Voltage comparison 
part 78. The control unit 72C alternatively outputs a high 
value “H” from the two signal lines of the output port OUT10 
So that the control unit 72C enables the PNP transistor 127 
and the NPN transistor 128 to perform switching. A dividing 
voltage that is the DAC output voltage divided in half. It is 
generated by Switching, and is almost a rectangular wave. 
However, it is converted to a waveform shown in FIG. 26 by 
the RC filter 129. 

In FIGS. 23 and 24, the waveform data generation unit 81C 
in the control unit 72C outputs an output signal of the com 
parator 81g shown in FIG. 26. The 8-bit counter 81f becomes 
“OOH.” An output signal of the comparator 81g becomes 
“10b.” As a result, the PNP transistor 128 in FIG.22 is turned 
ON so that the DAC output voltage is gently increased toward 
near double the DAC output voltage by the RC filter 129. 
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When the 8-bit counter 81 fis"10H, an output signal of the 
comparator 81g is “00b” so that the PNP transistor 127 is 
turned OFF. An input voltage to the comparator 78a is gently 
decayed to the original 1.255V by the RC filter 129. When the 
8-bit counter 81 fis"50H, the output signal of the comparator 
81g is “01 b” so that the NPN transistor 128 is turned ON. In 
contrast, an input Voltage to the comparator 78a is gently 
decreased toward near OV. When the 8-bit counter 81 f is 
“60H, the output signal of the comparator 81g is “OOb' so 
that the input voltage is gently increased to 1.255V by the RC 
filter 129. 

In FIG. 25, input and output correspondence values are 
shown. Because an analog waveform is different from the first 
disclosed embodiment, it is a different table. Operations other 
than ones that are explained are the same as the first disclosed 
embodiment. 

Effect of Fourth Disclosed Embodiment 

In the fourth disclosed embodiment, because the waveform 
conversion part 120 is configured with an analog circuit, 
number of signal lines can be Small when the high Voltage 
output becomes a multi-channel. Such as a color image form 
ing device. And it is possible to obtain the high Voltage power 
source device 69C in which both rising control and constant 
Voltage control are stable. 

Fifth Disclosed Embodiment 

An image forming device according to a fifth disclosed 
embodiment is similar to FIG. 2 according to the first dis 
closed embodiment. The printer engine control unit 53 in the 
control circuit in FIG. 2 according to the first disclosed 
embodiment and the piezoelectric transformer driving device 
70 in FIGS. 1 and 4 according to the first disclosed embodi 
ment are different from the fifth disclosed embodiment. The 
differences are explained below. 

Configuration of Fifth Disclosed Embodiment 

FIG. 27 is a block diagram of a high voltage power source 
device with a piezoelectric transformer driving device 
according to a fifth disclosed embodiment. Elements that are 
the same as elements of the high Voltage power Source device 
69 according to the first disclosed embodiment in FIG. 1 are 
assigned the same reference numerals. 

In the first disclosed embodiment, only one channel struc 
ture of the high voltage power source device 69 for develop 
ing is explained. However, in the fifth disclosed embodiment, 
four channels of the high voltage power source device 69D 
are explained for developing of black (K), yellow (Y), 
magenta (M), and cyan (C). 

In the first disclosed embodiment, when the high voltage 
power source device 69 is provided in parallel for a required 
number of channels, it can be understood how to form a 
plurality of channels. Therefore, only the structure of one 
channel was explained by way of example. However, in the 
fifth embodiment, a four-channel structure is described to 
explain particular structures required for a plurality of chan 
nels. 
The printer engine control unit 53D according to the fifth 

disclosed embodiment can individually control output ports 
OUT11-OUT14 for outputting a 4-channel driving pulse of 
the control unit 70D located in the high voltage power source 
device 69D through four output ports 31 for an ON/OFF 
signal and four output ports 41 for a reset signal “RESET. A 
serial communication line that is connected to a port P11 of 
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the printer engine control unit 53 is a three-wire system com 
munication line that is the same as the first disclosed embodi 
ment so that a hardware configuration is the same. But com 
munication contents are different. 
The high voltage power source device 69D has the piezo 

electric transformer driving device 70D for the 4-channel (K, 
Y. M., and C), piezoelectric transformers 75-1-75-4 for 4 
channels, rectifier circuits 76-1-76-4 for 4 channels, output 
voltage conversion part 77-1-77-4 for 4 channels that output 
DC low voltages S77-1-S77-4 for 4 channels, and a DAC 79D 
that outputs target voltages S79-1-S79-4 for 4 channels based 
on serial communication. In each of the piezoelectric trans 
formers 75-1-75-4, each of the rectifier circuits 76-1-76-4, 
and each of the output voltage conversion part 77-1-77-4, a 
structure that is the same as the first disclosed embodiment is 
parallel arranged in four. ADC high Voltage output from each 
of the rectifier circuits 76-1-76-4 is supplied to output load 
ZL1, ZL2, ZL3, and ZL4 in a developing roller side for each 
C, M, Y, and K. 
The piezoelectric driving device 70D has the oscillator 71, 

the DC power source 73 with 24V, the control unit 72D for 4 
channels, and the piezoelectric transformer driving circuit 
74-1-74-4 for 4 channels. The control unit 72D has an input 
port CLK IN, input ports IN11-IN14 in which comparison 
results S79-1-S79-4 for 4 channels are input, input ports IN21 
in which an ON/OFF signal is input for 4 channels, input ports 
IN31 in which a reset signal “RESET is input for 4 channels, 
a port P21 that is connected to the serial communication lines 
for 4 channels, output ports OUT11-OUT14 outputting driv 
ing pulses S73a-1-S73a–4 for 4 channels, and an output port 
OUT21 outputting a triangle wave data D72b. 

FIG.28 is a block diagram of the control unit 72D shown in 
FIG. 27. The comparison results S78-1-S78-4 for 4 channels 
from the output voltage comparison part 78-1 and 78-4, serial 
communication from the printer engine control unit 53D, the 
clock signal CLK, the reset signal “RESET for 4 channels, 
and the ON/OFF signal for 4 channels are input. The control 
unit 72D has a triangle wave data generation unit 81D and a 
frequency control block 130. The triangle wave data genera 
tion unit 81D operates to input serial communication from the 
printer engine control unit 53D, to output triangle wave data 
S72b, and to output a pulse S81 to a frequency control block 
130 for each cycle of a mix wave mixed with a constant 
voltage and a triangle wave. The frequency control block 130 
operates to output driving pulses S72a-1-S72a-4 for 4 chan 
nels based on the comparison results S78-1-S78-4 for the 4 
channels and the pulse S81. 

Operation of Fifth Disclosed Embodiment 

The entire operation of an image forming device according 
to the fifth disclosed embodiment is essentially the same as 
the first disclosed embodiment. In the fifth disclosed embodi 
ment, the operation of the high Voltage power source device 
69D is different from the high voltage power source device 69 
of the first embodiment. Only the difference is explained 
below. 

FIG. 29 is a waveform diagram showing target Voltages 
S79-1-S79-4 for 4 channels that are output from a DAC 79D 
shown in FIG. 27. 

In the high voltage power source device 69D shown in 
FIGS. 27 and 28, an internal part of the control unit 72D is 
Substantially the same as a structure in which four internal 
blocks shown in FIG. 6 according to the first disclosed 
embodiment are arranged in parallel. Therefore, the operation 
of the different parts is explained. 
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When the control unit 72D receives a high voltage output 
instruction value for 4 channels through serial communica 
tion from the printer engine control unit 53D, a triangle wave 
data generation unit 81D located inside set a digital value of 
the triangle wave data S72a according to the high Voltage 
output instruction value in the DAC 79D. A method for setting 
is omitted because data setting according to the first disclosed 
embodiment is only changed from parallel to serial. In serial 
communication, it is set by sending an output channel of the 
DAC 79D and an output value. 

In serial communication, the DAC 79D converts a digital 
value of the input triangle wave data S72b into an analog 
signal and sequentially generates the target Voltages S79-1- 
S79-4 for C. M. Y. K for one channel at a time as shown in 
FIG. 29. Because output values of the target voltages S79-1- 
S79-4 that are once set by communication are retained, the 
target voltage S79-1 is generated by varying the output value 
for one channel only, and the remaining three channels output 
a constant Voltage. 

In the first disclosed embodiment, the “H” period ratio for 
a mix wave (target Voltage) mixing the constant Voltage and 
triangle wave is as follows: 0-40%, 40-47.5%, 47.5-52.5%, 
52.5-60%, and 60-100%. However, in the fifth disclosed 
embodiment, the “H” period ratio is controlled by the follow 
ing ranges: 0-12.5%, 12.5-25%, 25-50%, 50-87.5%, and 
87.5-100%. The next ranges may also be used in alternate 
embodiments: 0-12.5%, 12.5-40%, 40-60%, 60-87.5%, and 
87.5-100%. In this case, the table register 88 in FIG. 6 to 
change gain is referred through 0-12.5% and 87.5-100%. 

Effect of Fifth Disclosed Embodiment 

In the fifth disclosed embodiment, it is easy to form multi 
channel structures without increasing number of signal lines. 
And it is possible to obtain both fast rising control and stable 
high Voltage output under digitalization. 

Sixth Disclosed Embodiment 

Configuration of Sixth Disclosed Embodiment 

An image forming device and high Voltage power 
Source device according to a sixth disclosed 
embodiment are similar to the fifth disclosed 

embodiment. 

Operation of Sixth Disclosed Embodiment 

FIG. 30 is a waveform diagram showing target Voltages 
S79-1-S79-4 for 4 channels according to the sixth disclosed 
embodiment. 

In the sixth disclosed embodiment, the operation of the 
triangle wave data generation unit 81D in FIG. 28 according 
to the fifth disclosed embodiment is different. A digital value 
of the triangle wave data S72b output from the triangle wave 
data generation unit 81D according to the sixth disclosed 
embodiment is converted into the target voltages S79-1- 
S79-4 by the DAC 79D. As shown in FIG. 30, the target 
voltages S79-1-S79-4 are sequentially set by the DAC 79D 
through serial communication. An output is sequentially 
shifted by a serial communication cycle with respect to the 
DAC 79D. In one cycle of a mix wave, when a constant 
Voltage output part is included, four outputs are the same 
cycle. Therefore, the sixth disclosed embodiment is similar to 
the first and fifth disclosed embodiments other than a DAC 
output. 
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Effect of Sixth Disclosed Embodiment 

In the sixth disclosed embodiment, the target voltages S79 
1-S79-4 for the 4 channels are sequentially set using the DAC 
79D through serial communication. A control cycle is the 
same as for one channel. And the number of signal lines is 
lower for multi-channel. Therefore, even though they are 
configured with a small number of parts and lines under 
digital control, it is possible to obtain both a short rise time 
control and high Voltage output. 

Another Example of First Sixth Disclosed 
Embodiments 

The present claimed invention is not limited to the above 
first through sixth disclosed embodiments. Other embodi 
ments and alterations are possible. 

For example. In the first through sixth disclosed embodi 
ments, the color tandem-type image forming device 1 and the 
high voltage power source device 69, 69A-69D having the 
piezoelectric transformer driving device 70, 70A-70D that 
are provided in the image forming device 1 are explained. The 
piezoelectric transformer driving device 70, 70A-70D can be 
used for another high Voltage power source device. Such as 
charge. The present claimed invention is not limited to a color 
image forming device but can be used for a black and white 
and so on image forming device. 
The piezoelectric transformer driving device and the image 

forming device being thus described, it will be apparent that 
the same may be varied in many ways. Such variations are not 
to be regarded as a departure from the sprit and scope of the 
claimed invention, and all such modifications as would be 
apparent to one of ordinary skill in the art are intended to be 
included within the scope of the following claims. 
What is claimed is: 
1. A piezoelectric transformer driving device, comprising: 
a piezoelectric transformer with a certain resonance fre 

quency configured such that when an input Voltage is 
intermittently applied to a primary side, an alternating 
high Voltage is output from a secondary side; 

a Switching part configured to generate the input Voltage by 
Switching based on a control signal having a control 
frequency, and configured to Supply the Voltage to the 
piezoelectric transformer; 

a Switching control part configured to control the control 
frequency of the control signal based on a comparison 
result, and configured to Supply the control signal to the 
Switching part; 

a reference Voltage waveform generation part configured to 
Switch between a first Voltage value as a target value, a 
second Voltage value that is lower than the first Voltage 
value, and a third Voltage value that is higher than the 
first Voltage value, within a given unit time so that a 
reference Voltage waveform is generated; 

a monitor Voltage generation part configured to generate a 
monitor Voltage waveform based on the high Voltage 
output from the piezoelectric transformer, and 

a comparison part configured to compare the reference 
voltage waveform with the monitor voltage waveform to 
generate the comparison result, and configured to Supply 
the comparison result to the Switching control part, 
wherein 

the reference Voltage waveform is a single continuous 
waveform that varies between the first voltage value, the 
second Voltage value and the third Voltage value. 

2. The piezoelectric transformer driving device according 
to claim 1, wherein the Switching control part is configured to 
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control the frequency of the control signal based on the com 
parison result per unit time generated in the comparison part. 

3. The piezoelectric transformer driving device according 
to claim 1, wherein the first Voltage value is a constant Voltage 
value over a certain period of time. 

4. The piezoelectric transformer driving device according 
to claim 1, wherein 

the first Voltage value is a constant Voltage value over a 
certain period of time, 

a triangle wave Voltage value is formed by the second 
Voltage value and the third voltage value, and 

the first voltage value and the triangle wave Voltage value 
are exchanged when the triangle wave Voltage value 
reaches the first Voltage value. 

5. The piezoelectric transformer driving device according 
to claim 4, wherein 

the triangle wave formed by the second Voltage value and 
the third Voltage value is output through a digital-to 
analog converter, 

a change step for an output of the triangle wave is 2N 
(where N is a arbitrarily number), and 

an output time of the first voltage value is greater than or 
equal to one cycle of the resonance frequency of the 
piezoelectric transformer. 

6. The piezoelectric transformer driving device according 
to claim 4, wherein 

the piezoelectric transformer driving device includes a plu 
rality of channels, 

an output cycle of the first voltage value is multiplied by N 
times a cycle of the triangle wave that is formed with the 
second voltage value and third voltage value, 

the triangle wave is sequentially formed between a plural 
ity of the channels, and 

N is an arbitrarily number. 
7. The piezoelectric transformer driving device according 

to claim 4, wherein 
the piezoelectric transformer driving device includes a plu 

rality of channels, and 
the triangle wave is sequentially formed between the plu 

rality of channels. 
8. The piezoelectric transformer driving device according 

to claim 1, wherein 
the first Voltage value is a constant Voltage value for a 

certain period of time, 
the second Voltage value and the third Voltage value are 

formed by a pulse wave, and 
one of the following two patterns of Voltages is sequen 

tially output from the reference Voltage generation part: 
(1) repeating the first voltage value, the second Voltage 

value, the first Voltage value, and the third Voltage value; 
and 

(2) alternating the first voltage value, the third Voltage 
value, the first Voltage value, and the second Voltage 
value. 

9. The piezoelectric transformer driving device according 
to claim 1, wherein the frequency is either increased, fixed, or 
decreased according to the comparison result per unit time 
generated in the comparison part. 

10. The piezoelectric transformer driving device according 
to claim 1, wherein again for control of the control frequency 
is changed according to the comparison result per unit time 
generated in the comparison part. 

11. The piezoelectric transformer driving device according 
to claim 1, further comprising: 

a retention part configured to retain the comparison result 
per unit time generated in the comparison part, wherein 
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again for control of the frequency is changed according to 

an amount of change between a value retained at the 
retention part and the comparison result obtained at the 
comparison part. 

12. The piezoelectric transformer driving device according 
to claim 1, further comprising: 

a divider part configured to divide a clock signal, and 
a divider ratio setting part configured to set a divider ratio 

for the clock signal, wherein 
the divider ratio setting part has an integer part and a 

fractional part, and 
the fractional part is binarized by a binarization part and is 

added to the integer part so that the frequency is con 
trolled by the divider ratio per unit time as a first dividing 
and a second dividing. 

13. The piezoelectric transformer driving device according 
to claim 12, wherein the binarization part binarizes the frac 
tional part by error diffusion method. 

14. The piezoelectric transformer driving device according 
to claim 12, wherein the binarization part binarizes the frac 
tional part using a threshold matrix. 

15. The piezoelectric transformer driving device according 
to claim 12, wherein increasing the frequency or decreasing 
the frequency are performed by changing a value of the frac 
tional part in the divider ratio setting part. 

16. An image forming device comprising: 
the piezoelectric transformer driving device according to 

claim 1. 
17. The piezoelectric transformer driving device according 

to claim 1, wherein 
the reference voltage waveform oscillates at a predeter 

mined frequency between the second Voltage value as a 
bottom value and the third Voltage value as a peak value. 

18. A piezoelectric transformer driving device, compris 
ing: 

a piezoelectric transformer with a certain resonance fre 
quency configured such that when an input Voltage is 
intermittently applied to a primary side, an alternating 
high Voltage is output from a secondary side; 

a Switching part configured to generate the input Voltage by 
Switching based on a control signal having a control 
frequency, and configured to Supply the Voltage to the 
piezoelectric transformer; 

a Switching control part configured to control the control 
frequency of the control signal based on a comparison 
result, and configured to Supply the control signal to the 
Switching part; 

a reference Voltage waveform generation part configured to 
Switch between a first Voltage value as a target value, a 
second Voltage value that is lower than the first Voltage 
value, and a third Voltage value that is higher than the 
first Voltage value, within a given unit time so that a 
reference Voltage waveform is generated; 

a monitor Voltage generation part configured to generate a 
monitor Voltage waveform based on the high Voltage 
output from the piezoelectric transformer, and 

a comparison part configured to compare the reference 
voltage waveform with the monitor voltage waveform to 
generate the comparison result, and configured to Supply 
the comparison result to the Switching control part, 
wherein 

the first Voltage value is a constant Voltage value over a 
certain period of time, 

a triangle wave Voltage value is formed by the second 
Voltage value and the third Voltage value, and 
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the first Voltage value and the triangle wave voltage value 
are exchanged when the triangle wave voltage value 
reaches the first voltage value. 

19. An image forming device comprising: 
the piezoelectric transformer driving device according to 

claim 18. 
20. A piezoelectric transformer driving device, compris 

ing: 
a piezoelectric transformer with a certain resonance fre 

quency configured such that when an input voltage is 
intermittently applied to a primary side, an alternating 
high Voltage is output from a secondary side; 

a Switching part configured to generate the input voltage by 
Switching based on a control signal having a control 
frequency, and configured to supply the voltage to the 
piezoelectric transformer; 

a Switching control part configured to control the control 
frequency of the control signal based on a comparison 
result, and configured to supply the control signal to the 
Switching part; 

a reference Voltage waveform generation part configured to 
Switch between a first voltage value as a target value, a 
second voltage value that is lower than the first voltage 
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value, and a third voltage value that is higher than the 
first Voltage value, within a given unit time so that a 
reference Voltage waveform is generated; 

a monitor Voltage generation part configured to generate a 
monitor Voltage waveform based on the high voltage 
output from the piezoelectric transformer; 

a comparison part configured to compare the reference 
Voltage waveform with the monitor voltage waveform to 
generate the comparison result, and configured to supply 
the comparison result to the Switching control part; 

a divider part configured to divide a clock signal; and 
a divider ratio setting part configured to set a divider ratio 

for the clock signal, wherein 
the divider ratio setting part has an integer part and a 

fractional part, and 
the fractional part is binarized by a binarization part and is 

added to the integer part so that the frequency is con 
trolled by the divider ratio per unit time as a first dividing 
and a second dividing. 

21. An image forming device comprising: 
the piezoelectric transformer driving device according to 

claim 20. 


